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Description 

The present invention relates to bifunctional antibodies or heteroantibodies. 

Several types of effector cells have surface receptors that bind the Fc portion of immunoglobulin (IgG). 
s When such, cells (monocytes, granulocytes, K cells, etc.) encounter target cells that have been opsonized 
with IgG antibodies, they form conjugates with the target cells. Subsequently, the effector cells either lyse 
or phagocytose the target cells, depending upon the effector cell type, the target cell type and the specific 
Fc receptor type involved. 

Two distinct classes of IgG Fc receptors (FcR) have been identified on human monocytes and on the 

10 human monocytic cell line U937. Looney, R.J., et al., (1986) J. Immunol . 136:1641-1647. One is a 72kDa 
sialoglycoprotein (p72) with high affinity (Ka=10 8 -10 9 M-1) for monomeric human IgGl and lgG3 and for 
murine subclasses lgG2a and lgG3. Alexander, M.D., et at (1978) Immunol . 35:115-123; Anderson, C.L. and 
Abraham, G.N. (1980) J. Immunol . 125:2735-2741; Lubeck, M.D. et al. (1985) J. Immuno . 135 : 1299-1304. 
The other receptor is a 40kDa molecule (p40) which shows relatively low affinity for monomeric IgG. 

75 Looney, et a}., supra ; Jones, D.H., et al. (1985) J.Immunol . 135:33483353. P40 has been defined by its 
ability both to form rosettes with erythrocytes coated with murine IgGl and to bind aggregated murine 
lgG2b at low ionic strength. In addition, a monoclonal antibody (IV3) has been prepared which binds to the 
40 kDa receptor and inhibits ligand binding. See Looney, R.J., et al., supra . This receptor is present not 
only on mononuclear phagocytes but on human platelets, neutrophils and eosinophils. Rosenfeld, S.L, et al. 

20 (1 985) J. Clin. Invest . 76:231 7-2322. 

These two Fc receptors on human monocytes have been shown to mediate anti-T3-induced human T 
cell mitogenesis by distinct subclasses of murine IgG. The 72kDa FcR mediates murine lgG2a anti-T3- 
induced stimulation whereas the 40 kDa FcR mediates murine lgG1 anti-T3-induced T cell mitogenesis. See 
Looney et al., supra . Based upon their distinctive affinities for murine IgG subclasses, p72 and p40 are 

25 thought to be the human homologues of murine macrophage FcRI and FcRII specific for murine lgG2a and 
lgG2b/1 , respectively. Although not present on monocytes or U937 cells, a third class of IgG FcRs has been 
described on human neutrophils and null cells. 

It has been demonstrated that target cell conjugation and lysis can also be induced by covalently cross- 
linked heteroantibody made up of both anti-Fc receptor antibody and antibody directed against a target cell 

30 epitope. When effector cells bind such heteroaggregates to their Fc receptor, they can specifically bind and 
lyse target cells which have not been opsonized, but which express the appropriate target antigen. Segal et 
al. have recently reported cytolysis of tumor cells by mouse monocytes with an attached heteroantibody 
which joins the Fc receptor of the monocyte on one end with tumor cell epitopes on the other end. The 
targeting of effector cells with conventional heteroantibodies, however, is likely to be only marginally 

35 effective in vivo because the binding of antibody to Fc receptors can be blocked by physiological 
concentrations of IgG. 

Anderson et al. (1986), Federation Proceedings, Vol. 45(3) page 714 disclose a monoclonal antibody 
CA32. MAb CA32 only binds to the Fc receptor, and not to another target epitope. 

Karpovsky et at (1984), J. Exp. Med., Vol. 160, pages 1686-1701 disclose a heteroantibody having an 
40 antigen binding region derived from an anti-Fc receptor antibody which is blocked by human IgG. 

Disclosure of the Invention 

In one aspect, this invention pertains to a bifunctional antibody or heteroantibody, comprising: 
45 a. at least one antigen binding region derived from an anti-Fc receptor antibody, the binding of which to 
human Fc receptor is not blocked by human immunoglobulin G; and 
b. at least one antigen binding region specific for a target epitope. 

In another aspect, the invention relates to a bifunctional antibody or heteroantibody, comprising: 

a. at least one antigen binding region derived from an antibody which 

so i. binds specifically to an epitope of the high affinity Fc receptor for IgG on human monocytes, the 

epitope being distinct from the ligand binding site for Fc of the receptor; 

ii. is capable of binding to IgG-occupied Fc receptor; and 

iii. is not blocked from binding to the receptor by human IgG; and 

b. at least one antigen binding region specific for a target cell. 

55 In a further aspect, the invention relates to a heteroantibody comprising: 

a. an antibody or antibody binding fragment specific for Fc receptor for IgG on human monocytes, the 
binding of which to the human Fc receptor is not blocked by human immunoglobulin G; 

b. an antibody or antibody binding fragment specific for a target cell. 
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The antibodies bind specifically, through their antigen combining region and independent of their Fc 
portion, to human receptor for the Fc portion of IgG. The antibodies bind to a site on the Fc receptor 
distinct from the binding site for the Fc region of IgG (ligand) and the antibodies are capable of binding a 
ligand-occupied receptor. 

5 The anti-Fc receptor antibody of this invention can be made by monoclonal antibody producing 
techniques. Fc receptor protein can be obtained for immunization by preparing a cell fraction containing Fc 
receptor from a cell line that expresses Fc receptor (e.g. the U937 line, a human monocytic cell line that 
expresses Fc receptor for human IgG). The cells can be pretreated in culture with IFN-gamma to enhance 
the yield of Fc receptor protein. Fc receptor protein is purified by affinity purification from cell lysates. An 

io animal is immunized with the purified receptor protein and antibody-producing ceils are harvested from the 
animal and fused with a myeloma cell or other immortalizing cell to produce hybridomas. The hybridomas 
are cloned and clones are selected for production of antibody to Fc receptor which is not blocked by 
human IgG. 

The selection of antibody which binds to the Fc receptor through its antigen binding region (distinct 

75 from the Fc portion of the antibody) is complicated by the fact that the Fc portion of IgG of the animal 
species may bind human Fc receptor. For example, two of the four murine IgG subclasses - lgG2a and 
lgG3 - bind to the high affinity human Fc receptor via their Fc portion. In such instances selection can be 
facilitated as follows: After initial screening of hybridomas for production of Ig which binds the receptor, 
hybridomas which produce antibody of the subclass which is bound via its Fc region by the human Fc 

20 receptor, are eliminated from consideration. The remaining hybridomas are evaluated for production of 
antibody which binds Fc receptor independently of their Fc portion. 

The anti-Fc receptor antibody of this invention can be used to produce target-specific effector cells for 
treatment of cancer, allergies, and infectious and autoimmune diseases. Antibody specific for a target cell 
(targeting antibody) can be linked to the Fc receptor of effector cell through the Fc-specific antibody of this 

25 invention. The linkage mediated by this anti-Fc receptor antibody is not disruptable by IgG because binding 
the receptor does not involve the Fc portion of the antibody. 

For the purpose of targeting effector cells, a bifunctional antibody (used herein to mean a single 
antibody or antibody fragment with a dual binding specificity) or a heteroantibody (used herein to mean an 
aggregate of two or more antibodies (or antibody fragments) each antibody having a different specificity) 

30 can be produced. In general, the bifunctional antibody or heterantibody comprises: 

a. at least one antigen binding region derived from an anti-Fc receptor antibody whose binding to human 
Fc receptor is not blocked by human immunoglobulin G; and 

b. at least one antigen binding region specific for a target cell. 

The binding of bifunctional or heteroantibody to the effector cell results in a targeted effector cell i.e., an 
35 effector cell with attached bifunctional or heteroantibody containing antigen binding regions which are 
specific for a desired target cell. The targeted effector cells can be used to bring about antibody dependent 
cell mediated cytolysis (ADCC) of the target cells in vivo . 

The target cell can be a cancer cell or other cell whose elimination would be beneficiaJ to the host, for 
example, an auto-antibody producing cell found in autoimmune diseases, or an IgE producing cell found in 
40 allergies. The target cell specificity of the bifunctional antibody or the hetero-antibody is derived from a 
targeting antibody i.e., an antibody specific for a target cell-associated or target cell-specific antigen. The 
use of the Fc specific antibody of this invention provides for attachment of the targeting antibody to 
monocyte effector cells by a linkage which is not disrupted by phsiological levels of immunoglobulin G 
encountered in vivo . Thus, the targeted effector cells can be given in vivo without loss of effector cell 
45 specificity due to IgG competion for Fc receptor sites. 

The anti-FcRI antibody of this invention has other therapuetic applications as well as several diagnostic 
applications. The antibody can be used as a targeting antibody to target FcRI-bearing cells. The antibody 
can also be used to induce capping and removal of Fc receptors on monocyte or other cells. Diagnostic 
applications of the antibodies include their use in assays for FcRI receptor levels and assays for substances 
so that influence FcRI receptor levels. 

The invention will now be described in more detail in the following description, which is given by way of 
example only, and which is to be read in conjunction with the accompanying drawings, in which: 
Figure 1 shows SDS-PAGE of affinity adsorbed lysates of surface radioiodinated U937 cells. 
Figure 2 shows SDS-PAGE analysis of affinity adsorption with ligand or with mab 32 after pre-clearing 
55 U937 lysates with ligand or with mab 32. 

Figure 3 shows the results of isoelectric focussing of p72 purified either with ligand or with mab 32. 
Figure 4 shows that human IgG does not interfere with the binding of Mab 32 to U937 cells, but blocks, 
almost completely, the binding of the mouse lgG2a myeloma UPC-1 0. 
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Figure 4b shows that human IgG does not interfer with the binding of Mab 32, 22, 44, 62 and 197 to 
U937 cells, but blocks almost completely the binding of mouse lgG2a UPC- 10; and the increased 
binding of Mab 32, 22, 44, 62 and 197 to IFN-gamma treated U937 cells. 
Figure 5 shows the fluorescence intensity of cells stained with mab 32. 
5 Figure 6 shows the cytotoxicity of chicken red blood cells (cRBC) by IFN-gamma treated U937 cells 
mediated by the heteroantibody Mab32 x Fab anti-cRBC. 

Figure 7 shows cytotoxicity of cRBC by interferon-gamma treated and untreated U937 cells. 
Figure 8 shows cytotoxicity of chicken cRBC by interferon-gamma treated and untreated human 
peripheral blood monocytes. 
io Figure 9 shows the cyloxicity of cRBC by IFN-gamma treated U937 cells in the presence of the 
heteroantibody Mab 32 x Fab anti-cRBC and human IgGl. 

Figure 10 shows cytotoxicity of cRBC by IFN-gamma treated and untreated human peripheral blood 
monocytes in the presence of the heteroantibody Mab 32 x Fab anti-cRBC and human lgG1 . 

15 Detailed Description of the Invention 

- .# 

The antibody of this invention binds the high affinity (p72) Fc receptor (FcRI) for human IgG without 
being blocked by human IgG. Preferred anti-FcRI receptor antibody has the following characteristics: 
a. the antibody reacts specifically with the high affinity Fc receptor; 
20 b. the antibody reacts with the receptor through its antigen combining region independent of its Fc 
portion; 

c. the antibody reacts with an epitope of FcRI which is distinct from the Fc (or ligand binding) site of the 
receptor; and 

d. the antibody binds ligand (Fc) occupied receptor. 

25 The monoclonal anti-Fc receptor antibody of this invention can be produced by conventional mon- 
oclonal antibody methodology e.g., the standard somatic cell hybridization techniqe of Kohler and Milstein, 
Nature 256: 495 (1975). Although somatic cell hybridization procedures are preferred, in principle, other 
techniques for producing monoclonal antibody can by employed e.g.. viral or oncogenic transformation of B 
lymphocytes. 

30 Fc receptor for immunization of an animal can be prepared from lysates of human cells which express 
the receptor. A preferred receptor-bearing cell line is the human monocytic cell line U937; however, other 
monocytic cells such as HL-60 cells or freshly isolated monocytes can be used. Because interferon-gamma 
enhances Fc receptor expression, the cells can be cultured in the presence of interferon-gamma (e.g. 100 
lU/ml) before receptor preparation to enhance the yield of receptor protein. 

35 A partially purified preparation of the receptor can be made by lysing receptor-bearing cells and then 
purifying the receptor by immunoadsorbant chromatography. Cells can by lysed in a buffer containing a 
detergent such as NP40. The immunoadsorbent can be prepared by attaching human IgG to a water- 
insoluble material such as an activated Sepharose™ resin. The Sepharose resin with attached human IgG 
is poured into a column. The cell lysate is passed through the column under conditions which permit 

40 adsorbtion of the cellular Fc receptor protein by the IgG coupled to the resin. The adsorbed Fc receptor 
protein can be eluted with a mildly acidic elution buffer. The purified receptor can then be used for 
immunization of an animal to produce anti-receptor monoclonal antibody. 

As an alternative to the use of partially purified receptor protein, whole FcRI-bearing cells can be used 
as immunogen. For example, whole interferon-gamma treated U937 cells can be used to elicit anti-FcRI 

45 antibody. 

The preferred animal system for preparing hybridomas is the murine system. Hybridoma production in 
the mouse is a very well-established procedure. Immunization protocols and techniques for isolation of 
immunized splenocytes for fusion are well known in the art. Fusion partners (e.g., murine myeloma cells) 
and fusion procedures are also well-known. 

so Selection of murine hybridomas producing antibody against the FcRI for IgG of human monocytes, 
however, is complicated by the fact that two subclasses of murine IgG - the lgG2a and lgG3 subclasses - 
are ligands capable of binding with high affinity to this receptor. Thus, assays for monoclonal antibody 
capable of binding to the receptor would register as positive all murine antibodies of these two subclasses. 
This obstacle can be avoided by first screening hybrid cells for production of antibody reactive with the cell 

55 line which was the source of Fc receptor, then elimination hybrid cells which produce lgG2a and lgG3 
antibodies and finally, evaluating remaining hybridomas for production of antibody against high affinity 
receptor. This strategy is further detailed in the exemplification below. 
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Employing the methodology described, five murine monoclonal anti-FcRI antibodies were prepared. The 
antibodies are designated mab 22, mab 32, mab 44, mab 62 and mab 197. Each of the antibodies exhibit 
the preferred characteristics set forth above. 

The anti-Fc receptor antibody of this invention can be used to produce target-specific effector cells i.e. 
5 effector cells which are capable of recognizing and binding to a target cell and exerting their effector 
function. It provides a means for attaching to an effector cell an antibody or antibody-binding fragment 
directed against a target cell. The attachment is not disruptable by physiological concentrations of IgG 
because the anti-Fc antibody which mediates the attachment binds the receptor through its antigen-binding 
region. Effector cells, such as macrophages, targeted in this way can be employed to bring about antibody- 
10 dependent cell-mediated killing of target cells. 

To target effector cells, bifuctional antibodies or heteroantibodies are employed. These antibodies have 
dual antigen binding specificity - one specificity for the Fc receptor (preferably the high affinity Fc receptor) 
and one specificity for an epitope of the target cell. The Fc receptor specificity mediates linkage to the 
effector cell through a known cytotoxic trigger molecule. The target cell specificity provides for recognition 
rs and binding to the target cell. 

Bifunctional antibodies are single, divalent antibodies which have two different antigen binding sites. 
Bifunctional antibodies for targeting have one binding site for Fc receptor and one binding site for a target 
cell epitope. 

Hetereoanti bodies are two or more antibodies or antibody binding fragments (Fab) linked together, each 
20 antibody or fragment having a different specificity. Heteroantibodies for targeting comprise an antibody (or 
antigen binding fragment specific for Fc receptor, coupled to an antibody (or antigen binding fragment 
thereof) specific for a target cell epitope. 

Bifunctional antibodies can be produced by chemical techniques (see e.g., D. M. Kranz et al., Proc . 
Natl . Acad . Sci. USA 78,5807 (1981)) by "polydoma" techniques (See U.S. Patent 4,474,893, to Reading) or 
25 by recombinant DNA techniques, heteroantibodies can be prepared by conjugating Fc receptor antibody 
with antibody specific for an epitope of a target cell. A variety of coupling or cross-linking agents can be 
used to conjugate the antibodies. Examples are protein A, carboiimide, and N-succinimidyl-3-(2-pyridyl- 
dithio) propionate (SPDP). SPDP is the preferred agent; procedures for crosslinking antibodies with this 
agent are known in the art. See e.g., Karpovsky et al., (1984) J. Exp. Med . 160:1686; Liu, M.A. et al., (1985) 
30 Proc. Natl. Acad . Sci USA 82:8648. 

Target cells are cells whose elimination would be beneficial to the host. One important type of cell is a 
tumor cell. Effector cells can be targeted with bifunctional or heteroantibody having specificity for FcRI and 
specificity for a tumor associated or tumor specific antigen. 

Antibodies with a desired tumor specificity for production of bifunctional antibody or heteroantibody can 
35 be produced or can be selected from available sources. Monoclonal antibodies against tumor-associated 
antigens can be made by the methods of Koprowski et al., U.S. Patent 4,172,124. Many suitable anti-cancer 
antibodies are presently available. 

Specific anti-tumor antibodies would include, but not be limited to: 

40 . . 

Antibody Specificity 
AML-2-23, PM-81, PMN-6, PMN-19 Myeloid Leukemia 
SCCL-1, SCCL-175 Small Cell Carcinoma 

45 of the Lung 

OC1-25, OVCT-3 Ovarian Carcinoma 

COL-1, COL-2, COL-3 f ... COL-13 Colon Carcinoma 

50 

In addition to tumor cells, the effector cell can be targeted against auto-antibody producing lymphocyte 
for treatment of autoimmune disease or an IgE-producing lymphocyte for treatment of allergy. The target 
can also be microorganism (bacterium or virus) or a soluble antigen (such as rheumatoid factor or other 
auto-antibodies). 

55 Effector cells for targeting are human leukocytes, preferably macrophages. Other cells would include 
monocytes, IFN-gamma activated neutrophils, and possibly IFN-gamma activated natural killer (NK) cells 
and eosinophils. Macrophages can be treated with IFN-gamma before targeting, to increase the number of 
Fc receptors for attachment of the targeting antibody or heteroantibody. The effector cells may also be 


6 


EP 0 255 249 B1 


activated before targeting by other cytokines such as tumor necrosis factor, lymphotoxin, colony stimulating 
factor, and interleukin-2. If desired, effector cells for targeting can be obtained from the host to be treated. 

The targeted effector cells can be administered as a suspension of cells in a physiologically acceptable 
solution. The number of cells administered can be in the order of lO^-IO 9 but will vary depending on the 

5 therapeutic purpose. In general, the amount will be sufficient to obtain localization at the target cell and to 
effect target cell killing by antibody dependent mediated cytolysis (ADCC). Routes of administration can 
also vary. In tumor therapy, for instance, depending upon the localization of a tumor, the targeted effector 
cells could be administered intravenously, or directly into tumor sites; as for example, directly into the 
peritoneal cavity in the case of ovarian carcinoma. 

70 Therapy with targeted effector cells can be performed in conjunction with other techniques tor removal 
of targeted cells. For example, anti-tumor therapy with effector cells armed with FcRI/anti-tumor antibody 
can be used in conjunction with surgery, chemotherapy or radiotherapy. Additionally, combination im- 
munotherapy may be used to direct two distinct cytotoxic effector populations toward tumor cell rejection. 
For example, anti-tumor antibodies linked to anti-T3 that will trigger cytolytic T lymphocytes to lyse tumor 

rs cells may be used in conjunction with anti-RcRI antitumor heteroantibodies. Protocols based on these 
concepts may be especially effective in removing residual tumor cells in patients induced into remission by 
chemotherapy and irradiation. 

The anti-Fc receptor antibody of this invention has additional utility in therapy and diagnosis. The Fc 
receptor antibody itself can be a targeting antibody (i.e., to target for cells bearing FcRI receptor). The 

20 antibody can be used to target lipid vesicles containing anticancer drugs for treatment of certain hematolog- 
ical cancers (e.g. acute myeloid leukemia), or to target lipid vesicles containing factors (such as gamma- 
IFN) which activate monocytes. The antibody, if of the appropriate murine IgG subclass (e.g., lgG2a), can 
be used directly in vivo to eliminate Fc receptor bearing cells (e.g., myeloid leukemia cells) via natural 
complement or ADCC mechanisms. 

25 The antibody can be employed to modulate Fc receptor levels on monocytic cells. For example, in 
auto-immune diseases (such as rheumatoid arthritis) the antibody can be administered in a form that 
induces "capping" and elimination of Fc receptors on the cell surface. The reduction of Fc receptors can 
interfere with monocyte clearance of antibody coated self-cells in patients. Mixtures of anti-Fc receptors can 
also be used for this purpose. 

30 Diagnostic applications of the anti-FcR antibody of the invention can be based on the use of the 
antibody to quantify the distribution or number of Fc receptors on cells. The antibody can be employed in 
assays for agents which influence receptor expression (e.g., interferon-gamma, which enhances Fc receptor 
expression). For example, in an assay for interferon-gamma the anti-FcRi antibody labeled (radioisotopical- 
ly, enzymatically or fluorescently) can be used to quantify FcRI levels on cells exposed to a test sample. 

35 Receptor levels will be related to the amount of interferoon-gamma in the sample. 

The antibody can also be used to subclassify patients with rheumatologic disorders which are related to 
Fc receptor levels or to the ability of a patient's cells to respond to interferon by enhanced expansion of Fc 
recptors. 

Based on the increased expression of FcRI on IFN-gamma plus dexamethasone-treated monocytes it is 
40 anticipated that anti-FcRI monoclonal antibodies will be excellent markers of inflammatory macrophages. It 
is possible that the accumulation and activation of mononuclear phagocytes at sites of inflammation 
(including but not limited to infectious foci, septic arthritis, atherosclerotic plaques) can be detected by 
radio-imaging using radiolabeled antibodies to the FcRI on such cells. 

The invention is illustrated further by the following non-limitative exemplification: 

45 

Exemplification 

Materials and Methods 

50 Chemical and Reagents 

Cytochrome c Type VI, superoxide dismutase, pepstatin, chymostatin, leupeptin, antipain, rabbit muscle 
actin and phenylmethylsulfonylfluoride (PMSF) were purchased from Sigma Chemical Co., St. Louis, MO; 
Dextran T500, Ficoll-Hypaque, Sepharose 4B, CNBr-activated Sepharose, Protein A- Sepharose CL-4B from 
55 Pharmacia Fine Chemicals, Piscataway, NJ; tetanus toxin, octyl-b-D-glucopyranoside (octyl-glucoside) and 
papain from Calbiochem, La Jolla, CA; human anti-tetanus toxin antibody (HyperTet™) from Cutter 
Laboratories, Berkeley, CA; chloroglycouril from Pierce Chemical Co., Rockford, IL; carrier-free I 125 - 
(IMS.300) from Amersham, Arlington Heights, IL; cytochalasin B from Aid rich Chemical Co., Milwaukee, Wl; 
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goat F(ab')2 antimurine Ig {anti-mlg) f both fluorescein isothiocyanate-conjugated (FITC) and unconjugated, 
from Cappel, West Chester, PA, unless indicated otherwise; RPMI 1640 from Gibco, Grand Island. NY, and 
from K C Biologicals, Lenexa, KS; Fetal bovine serum (FBS) from Sterile Systems, Logan UT; and a mixture 
of low molecular weight markers from Biorad, Richmond, CA. Recombinant gamma interferon was kindly 
donated by Genentech, South San Francisco, CA. 1 ,25-dihydroxycholecalciferol (1 ,25(OH)2D 3 ) was a gift 
from Hoffman LaRoche, Nutley, NJ. Other chemicals were of analytical grade and were obtained com- 
merically. 

NP40 lysis buffer contained 1% NP40, 110mM NaCI, 10mM EDTA, 2mM PMSF, 10ug/ml pepstatin, 
10ug/ml chymostatin, 10ug/ml leupeptin and 10ug/ml antipain in 20 mM Tris buffer, pH 7.1. Krebs Ringer 
phosphate buffer with giucose (KRPglu) consisted of 135mM NaCI, 5 mM KCI, 1.2mM MgS04, ImM Cacl 2 , 
4.3mM glucose in 10mM sodium phosphate buffer, pH 7.4. Phosphate buffered saline (PBS) was 145mM 
NaCI in 20mM phosphate buffer, pH 7.0. PBS-K contained 130mM NaCI and 5mM KCI in 10mM phosphate 
buffer, pH 7.4. 

Antibodies 

The monoclonal antibody against the high affinity FcR (herein designated mab 32 and when subcloned, 
32.2), was prepared as follows: A partially purified detergent lysate of the high affinity FcR from U937 cells 
was obtained in a manner similar to a published method (See Anderson, C.K., et a}., (1984) J. Immunol. 
134:465-470). U937 cells were lysed in 1% NP40 and the lysate was allowed toTncubate with Sepharose 
hlgG for 8 hours. The adsorbent was washed thoroughly and was eluted with 0.5M acetic acid in 30mM 
octylglucoside. The eluate was promptly neutralized with 2M Tris and the amount of protein eluted was 
determined by a Folin assay (Peterson, G.L. (1977) Anal. Biochem . 85: 346-356). The tubes containing the 
bulk of the protein were pooled, concentrated by vacuum dialysis using an Amicon YM-10 filter and a 
Minicon apparatus to 0.5ml and emulsified with an equal volume of Freund's adjuvant, either complete for 
the first injection or incomplete for subsequent ones. A mouse was immunized intraperitoneal ly 4 times at 
roughly 4 week intervals, the last 2 immunizations using antigen derived from U937 cells cultured 72 hours 
in IFN-gamma, 100 IRU/ml, to increase the yield of FcR (Guyre, P.M., et al. (1983) J. Clin. Invest 72:393- 
397). Five days following the last immunization, the splenocytes were fused with cells of the NSI myeloma 
line by standard techniques (Kohler, G. and Milstein, C. (1975) Nature, 256:495; Ball, E.D., et al., (1982) 
PNAS 79:5374-5378). Supernatants of the hybrids were screened for their ability to bind to U937 cells by an 
indirect immuno-fluorescence assay using a flow cytometer. Chosen hybrids were cloned by limiting 
dilution, rescreened and expanded either in culture or in ascites fluid. The protein from clone mab 32 was 
found to be an IgGl antibody by an immunoblot assay using isotype-specific antisera. IgG of this clone was 
precipitated from ascites by making the solution 40% in ammonium sulfate. The precipitate was redissolved 
and dialyzed against 20mM Tris buffer, pH 8.6. High performance on exchange chromatography (HPLC) 
was carried out on a semi-preparative PROTEIN-PAK-5PW (Waters, Milford, MA) column. The initial eluting 
buffer was 20mM Tris, pH 8.6 delivered by pump A. 20mM Tris. 0.3M NaCI, pH 8.6 was delivered by pump 
B. A sixty minute linear gradient, 0-100% B, at a flow rate of 8 ml/min was used for elution. The main peak 
corresponding to IgG was pooled. For some experiments the purified IgG was passed over a 
SepharoseProtein A column to remove traces of lgG2a to less than 0.005%. Pepsin digestion of whole 
antibody was performed essentially as described by Parham (See Parham, P. (1983) J. Immunol . 131 : 
2895-2902) except that the digestion time was 3 hr and the pH 3.6. F(ab')2 was purified by high 
performance gel filtration chromatography using a TSK 250 column (Biorad). Fab' was made from F(ab')2 
by reducing with 1mM dithiothreitol for 1 hr at room temperature and alkylating with an excess of 
iodoacetamide. The Fab' was purified by HPLC using the TSK 250 column. 

The preparation of mab 22, mab 44, mab 62 and mab 197 were as above, except that for mabs 22, 44 
and 197 the immunogen was IFN-gamma- and dexamethasone activated U937 cells. All procedures and 
preparations were the same as for mab 32. 

The preparation and properties of monoclonal IV3 have been described. See e.g. Looney, R.J. et al. 
(1986) J. Immunol . 136:1641-1647. IV3 was used as supernatant fluid from the culture of cloned ce1ls~Fab 
fragments of IV3 were prepared as described Looney, R. J. et al . IgG or IgM fractions of murine monoclonal 
antibodies or myeloma proteins MOPC 141 (lgG2b), anti-Vk3b (lgG2b) t P3 (lgG1), AML-2-23 (lgG2b), MY23 
(lgG1), RPC5 (lgG2a) and MMA (IgM) were purified from ascites fluids by on exchange chromatography 
unless otherwise indicated. In some cases, the supernatant fluid of cloned hybridoma cells was used. 
Gap8.3 ascites fluid was donated by Dr. Christopher Frantz, Department of Pediatrics, University of 
Rochester. MY7 was purchased from Coulter, Hialeah, FL. Leu-M3, an anti-monocyte monoclonal antibody, 
was obtained from Becton-Dickinson, Mountain View, CA. 
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Immune complexes containing human IgG were prepared by incubating tetanus toxin <200Lf/ml) with 
Hyper-Tet TU antibody (200Lf/ml) for 1 hr at 37 *C. Insoluble complexes were peileted by centrifugation at 
13,000 x g for 1 min, washed once with PBS-K, and resuspended in the original volume of PBS-K. Protein 
concentration was determined by adding 0.1 M NaOH and measuring absorbance at 280 nm, assuming an 
s extinction coefficient (1%) of 14. Pooled human IgG purified by ion exchange chromatography was 
covalently linked to Sepharose 4B by a modification of the cyanogen bromide technique (March, S.C. et al„ 
(1974) Analyt. Biochem . 60:149-152) at a ratio of 7.6mg IgG/ml Sepharose. Anti-mlg was linked to CNBr- 
activated Sepahrose according to the manufacturers instructions at a ratio of Img protein/ml Sepharose. 
Prior to use the Sepharose adsorbents were washed x4 with 1% NP40 in PBS containing 5mM Kl. 

ic 

Cells 


Human granulocytes were obtained from the peripheral blood of normal donors by separation from 
mononuclear cells on Ficoll-Hypaque. sedimentation of erythrocytes using 3% dextran in PBS, and finally 
75 hypotonic lysis of residual erythrocytes. Preparations were 98% granulocytes. Mononuclear cells were 
obtained by Ficoll-Hypaque separation (Boyum, A. (1968) Scand. J. Clin. Lab. Invest. 21:77-83 (Supple. 77)- 
). Cells of the U937, HL60, K562, Daudi, Raji, Molt4, Jurkat and J774 lines were maintained in continuous 
culture as described. Many of the cell lines used were obtained from the American Type Culture Collection. 
All cells were washed x3 in PBS prior to use and were 95% viable when tested by trypan blue exclusion. 

20 

Radiolabeling and Affinity Adsorption 

Cells were surface radioiodinated by the chloroglycouril method (Fraker, P.J. and Speck, J.C. (1978) 
Biochem. Biophys. Research Comm . 80:849-857). 0.7 ml cells in PBS at 14.3 x lO^/ml were incubated with 
25 1 mCi 125 1 for 30 min at 0*C in a scintillation vial coated with 5 ug chloroglycouril. The reaction was 
quenched and the cells were washed x3 with 5 mM Kl in PBS. The cells were then lysed in NP40 lysis 
buffer for 30 min at 0 * C. Cell nuclei and other insoluble material were pelleted by centrifugation at 7800 xg 
for 20 min. 

30 SDS-PAGE and Isoelectric Focussing 

Sepharose-anti-mlg (25ul) was sensitized with monoclonal antibodies by incubating for 3 hrs at 4°C 
with 100 ul supernatant fluid or Ig purified from ascites fluid (10ug/ml) and the unbound materia! washed 
away x4 with 0.75ml BSA/PBS. Portions of labeled cell lysate (50ul) were incubated for 2 to 12 hr at 0*C 

35 with 25ul antibody-sensitized Sepharose-anti-mlg. Separate 50ul portions of lysate were incubated with 25ul 
Sepharose-hlgG. The Sepharose conjugates were washed x7 with 0.75ml 1% NP40/PBS/KI and in 
preparation for sizing gel electrophoresis were incubated for 2 min in a boiling water bath with 80ul Laemmli 
sample buffer containing 20mM dithiothrietol instead of 2-mer-captoethanol. The supernatant was acetylated 
by adding 5ul 1M iodoacetamide and was analyzed by SDS-PAGE and autoradiography as described: 

40 Anderson, C. L. (1982) J. Exp . Med . 156:1794-1805. The molecular weight markers included in all gels were 
125 l-bovine serum albumin, 12S t-rabbit muscle actin, Phosphorylase B, ovalbumin, carbonic anhydrase, 
soybean trypsin inhibitor, and lysozyme. For isoelectric focussing, the washed adsorbants were incubated 
for 15 min with 80ul of the urea-containing O'Farrell sample buffer and the eluates were electrophoresed on 
a vertical slab gel prepared as described for the first dimension of the O'Farrell procedure. See O'Farrell, P. 

45 H. (1975) J. Biol. Chem . 250:4007-4021. The pH gradient was determined by cutting the lateral lanes of the 
gel into 1cm sections and incubating each section overnight in 1ml H2O. The gels were stained and dried, 
and autoradiographs were prepared using prefogged x-ray film and enhancers at -70 * C as described. See 
Anderson, C. L Supra . Densitometric tracings of the p72 band appearing on autoradiographs were enlarged 
157% using a photocopier and were cut out with scissors and weighed. 

50 

Binding and Inhibition Experiments 

A human IgGl myeloma protein (Arr) and the IgG fraction of mab 32 were radioiodinated by the 
chloroglycouril method to a specific activity of 1-5uCi/ug. Preliminary experiments established that equilib- 
55 rium and saturation were achieved with 4 x 10 7 U937 cells/ml after 2hr at 0*C at 0.3 ug/ml for mab 32 and 
1.5ug/ml for hlgG1. Inhibition of the binding of both 12S l-hlgG and 12S l-mab 32 to U937 cells by unlabeled 
preparations of both hlgG1 and mab 32 was evaluated by incubating the radioligand or radioantibody with 
cells in the presence of titered amounts of unlabeled antibody or ligand under the above conditions. Cell- 
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bound radioactivity was separated from free by centreing triplicate 50ul portons o the ceHs «P™» 
through an oil mixture as described. Anderson. C. L. and Abraham, G. N. (1980) J. Immunol 12^2735 
2741 Nonspecific binding was measured in replicate samples conta.n.ng a great excess of l.gand 3mg/ml) 
or antibody (333ug/ml). Percent inhibition was calculated as described. Anderson, C. L. and Sp.egelberg. H. 
L. (1981) J. Immunol . 126:2470-2473. 

Ruorescence and Row Cytometry 

One million cells were incubated for 2 hr at 4-C in 50ul of antibody (either mab 32 or IV3 supernatant 
or 10ug/ml solutions of purified IgG fractions of ascites fluid) diluted in RPM. 1640 growth medium 
containing 4mg/ml hlgG to block nonspecific binding. The cells were washed x3 in PBS contammg 0 1 h 
NaN 3 were resuspended and incubated for 2 hr at 4-C in 50ul F.TC anti-mlgG (TAGO, Burl.ngame. CA. or 
Boehringer-Mannheim, Indianapolis. IN), and were washed a final 3 times. Stained cells were analyzed on 
an Ortho 50H Cytofluorograf flow cytometer using argon lasers at 300mW or 500mW power. Green 
fluorescence was col.ected through a 525 nm bandpass filter on 10.000-50.000 cells gated for low angle 
light scatter (to exclude erythrocytes, platelets, dead cells and debris) and 90'C ''9^ scatter ^d.sfingu.sh 
monocytes or neutrophils from lymphocytes). See Salzman, G. C. et al. (1975) Ac]a Cytol. 1^:374 The 90 
light scatter signal characteristic of monocytes was determined by separately stam.ng an aiquot with ant.- 
monocyte antibody Leu-M3. Based on these data, gates for 90' light scatter were adjusted so that the 
green fluorescence signal of monocytes and lymphocytes in mononuclear cell suspenses could be 
separately collected. Green fluorescence was collected as a linear signal. 

Results 

The strategy for the development of monoclonal antibodies against the high affinity 72KDa FcR had to 
deal with the obsevation that two of the four murine IgG subclasses. lgG2a and lgG3. bound with h.gh 
affinity to this FcR. Thus, any assay for FcR binding would register all antibodies of these two subc'asses. 
Our protocol, therefore, called for immunizing a mouse with partially punfied FcR from U937 cells, 
screening the hybrid supernatants for an Ig capable of binding U937 cells eliminating from further 
consideration lgG2a and lgG3 antibodies, and evaluating the remaining antibodies for the.r capac. y to 
immunoprecipitate 72kDa surface molecules. (Additional monoclonal antibodies of this spec.fic.ty (des- 
ignated mab 22. mab 44 and mab 197) were prepared using whole U937 cells.) ,„.„.„ 
Twenty-nine supernatants from the partially purified FcR immunization contained Ig capable of binding 
U937 cells. Of these. 12 were of the lgG2a subclass. 1 was lgG3. 7 were lgG1. 2 were IgM and 7 were 
either of mixed subclass or could not be typed. The supernatants of the cultures of cloned cells were then 
evaluated for their ability to bind to a 72kDa cell surface molecule by an affinity adsorption assay. 

Detergent lysates of U937 cells radioiodinated by the chloroglycouril method were .ncubated. (shown in 
Figure 1) from left to right, with Sepharose-anti-mlg sensitized with purified murine lgG2a myeloma protein 
RPC5 (lane 1) or with mab 32 (lane 3); with Sepharose-human IgG (lane 4); or with Sepharose-ant.-rnlg 
sensitized with mab IV3 (lane 5). The three samples analyzed in the right hand panel were el u ed from 
Sepharose-anti-mlg sensitized with either intact IgG of mab 32 (lane 6). with Fab fragments of pooled 
human IgG (lane 7). or with Fab' fragments of mab 32 (lane 8). The immunoadsorbants were washed free of 
unbound radioactivity and the bound material was eluted in an SDS-containing sample buffer and analyzed 
by electrophoresis on an SDS-polyacrylamide gel followed by autoradiography. Adjacent lanes not ^ shown 
but marked on the lateral margins of the autoradiograph contained radioiodinated bovine albumin (68kDa) 
and rabbit muscle actin (43kDa). Lane 2 contains a mab of the lgG2a subclass. 

All of the supernatants containing lgG2a and lgG3 anti-U937 antibodies adsorbed a 72kDa molecule, as 
expected. Of the remaining supernatants. one lgG1 (designated mab32) was found capable of adsorbing a 
72kDa molecule and was chosen for further study. Of the remaining 6 lgG1 supernatants. 5 adsorbed a 
1 10kDa molecule and one adsorbed small amounts of a 72 kDa molecule. 

Figure 1 summarizes these observations. The autoradiograph shows the 72kDa molecule punfied from 
detergent lysates of radioiodinated U937 cells with mab 32 (lane 3). The molecular weight of this molecule 
as determined on SDS-polyacrylamide gels is indistinguishable from the 72kDa FcR aff.mty adsorbed by 
Sepharose conjugated with ligand capable of interacting with the receptor. Thus. Sepharose-ant.-mlg 
bearing RPC5. a murine lgG2a (lane 1). or Sepharose-human IgG (lane 4) both punfy a 72kDa molecule that 
has been shown to be the high affinity FcR of U937 cells and human monocytes (See Anderson, C.L.. 
(1982) J Exp Med 156-1794-1805). An additional molecule of approximately 40kDa was adsorbed by 
Sepharose-human IgGliine 4). This molecule is a low affinity FcR precipitated by mab IV3 (lane 5) and 
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present on other blood cells as well. 

Since mlgGl antibodies have not been found to bind to the U937 high affinity FcR and since several 
m!gG1 monoclonal antibodies have failed to immunoprecipitate the 72kDa FcR (C. L. Anderson, un- 
published), it was inferred that mab 32 bound the 72 kDa molecule as an antibody by the Fab portion of the 
antibody molecule rather than as a ligand by the Fc portion. To confirm this supposition, Fab' fragments of 
mab 32 were prepared and were tested for their ability to precipitate p72. Lane 8 of Figure 1 indicates that 
Sepharose-anti-mlg sensitized with these Fab' fragments of mab 32 purifies the receptor, the Fab fragments 
of pooled human IgG, do not (lane 7). The 72kDa molecule purified by the intact IgG of mab 32 is shown in 
lane 6 for reference. 

Although the autoradiograph seen in Figure 1 shows that the molecule purified by mab 32 is of the 
same apparent molecular weight as the molecule purified by the ligands, two other methods were utilized to 
evaluate whether the molecules are identical. First, ly sates of radioiodinated U937 cells were precleared 
with either an affinity adsorbent of mab 32 or with a sham adsorbent (mlgGl which does not bind or 
precipitate the FcR). The precleared lysates were then tested for residual p72 by affinity adsorbtion with 
Sepharose-anti-mlg sensitized with mlgG2a, a ligand which binds this FcR. Radioactive material bound to 
the adsorbents was analyzed by electrophoresis on SDS-polyacrylamide gels followed by autoradiography 
and densitometry. 

Portions of a lysate of radioiodinated U937 cells were incubated with Sepharose-anti-mlg sensitized with 
several mabs designated as "preclearing adsorbants" in Figure 2. The affinity adsorbants were centrifuged 
out of suspension and .the supernatants were incubated with a second set of affinity adsorbants designated 
"final adsorbants". The eluates from the washed set of final adsorbants were processed as described for 
Figure 1. A photograph of the set of 72kDa bands, the only bands appearing on the autoradiograph, is 
displayed vertically. Densitometric tracings on paper of the autoradiograph bands were cut out and 
weighed; band density is expressed as mg per band. Percent depletion of p72 by the preclearing adsorbant 
was calculated by comparing lanes 2 and 3, 1 and 4, 2 and 5, and 1 and 6. 

Comparing lanes 1 and 4 of Figure 2, mab 32 precleared 73% of the p72 subsequently purified by 
mlgG2a. The reciprocal experiment, preclearing with mlgG2a and then purifying p72 with mab 32, indicates 
that 89% of p72 was precleared with mlgG2a (lane 3) compared with the mlgGl sham control (lane 2). 
Control experiments were performed in which the same reagent (mab or ligand) was used both for 
preclearing and for subsequent purification. These showed the efficiency of preclearing to range from 81% 
when mab 32 was used (lanes 2 and 5) to 93% when mlgG2a was used (lanes 1 and 6). We conclude, 
therefore, that mab 32 binds to the same high affinity 72kDa FcR purified by ligand affinity adsorption. 

The third method used to test whether the ligand and mab 32 bind the same 72kDa molecule was 
isoelectric focusing. Figure 3 shows the results. 

A detergent lysate of radioiodinated U937 cells was incubated with Sepharose-anti-mlg sensitized with 
either murine lgG2a myeloma RPC5 (lane 1) or mab 32 (lane 3); with Sepharose-human IgG (lane 4); or 
with Sepharose-anti-mlg sensitized with mab IV3 (lane 5). The radioactibity bound to the washed im- 
munoadsorbants was eluted with urea-containing sample buffer and was anaJyzed by isoelectric focusing 
and autoradiography. The pH gradient is shown in the left margin. Lane 2 analyzed a mab still under 
investigation. 

An identical pattern of ten distinct bands having isoelectic points ranging from pH 5 to pH 7 was seen in 
both lanes (Figure 3, lanes 1 and 3). A similar although subtly distinct pattern of bands was seen in lane 5 
analyzing the eluate from the IV3 affinity adsorbent which purified only the 40kDa FcR. The eluate from 
Sepharose-human IgG which purifies both the 72 and 40 kDa molecules appears in lane 4 as a composite 
of the two isoelectric focusing patterns with some of the p72 molecules appearing dimmer than in lanes 1-3. 
most likely because the p72-ligand bond resists dissociation by urea unlike the p40-ligand bond and unlike 
antibody-antigen interactions (lanes 1-3). Thus, these data further substantiate the identity of the 72 kDa 
molecules purified by both FcR ligands and mab 32. 

Since IFN-gamma enhances the expression of the high affinity FcR, we used indirect im- 
munofluorescence and flow cytometry to examine the binding of mab 32 to control and I FN-gam ma-treated 
U937 cells. Table 1 shows a 3-fold increment in binding of both mab 32 and a murine lgG2a myeloma 
protein to I FN-gam ma-induced U937 cells. We also determined whether hlgG interferes with the binding of 
mab 32 to the FcR of U937 cells. AS seen in Table 1, hlgG significantly blocked the binding of mlgG2a to 
the FcR of U937 while the binding of mab 32 was unaffected. This suggests that mab 32 binds to the 
72kDa FcR at a site distinct from the ligand binding site. 
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Table 1 


Binding of Mab32 to Control- and I FN 
Treated U937 Cells 


First Antibody 


Mean Fluorescence Intensity 


U 937 without I FN 
no hlqG hlqG 


U937 with IFN 
no hlqG hlqG 


P3 (mlgGl) 

Mab32(tnIgGl) 

RPC5(mIgG2a) 


39±1 
159±4 
186±16 


46±4 
150±6 
47 + 2 


55±1 
423±8 
537±8 


52±6 
410 + 6 
78±4 


5x10 s cells from triplicate cultures of U937 cells grown 48 hours with or without 100 IRU/ml IFN were 
incubated for 2 hours at 4- C in 60 ul RPMI-1 640 containing BSA (2mg/ml) and 40 ug/ml IgG fraction of the 
mlgG1 myeloma P3, and MlgG2a myeloma RPC5 (Litton Bionetics) or Mab32. Replicate mixtures contained 
4 mg/ml hlgG to block the FcR binding site. After 3 washes (1 ml cold PBS/BSA, 1 mg/ml) the cells were 
incubated 2 hours at 4*C with 100 ug/ml FITC anti-mlg (Boehringer-Mannheim), washed with PBS/BSA and 
fixed in 1 % formalin. The cells were analyzed on an Ortho 50H Cytofluorograf using 300 mW excitation at 
488 nm. Results are expressed as mean fluorescence intensity ± SD of triplicate cultures. The mean 
fluorescence intensity of unstained cells (autofluorescence) was 25±2: 

We further quantified the ability of both mab 32 and a ligand, in this case a human lgG1 (hlgGl) 
myeloma protein (Arr) t to inhibit the binding to U937 cells of either 12S l-human lgG1 (Arr) or 125 l-mab 32. 
Figure 4 shows, the results of these inhibition experiments. Under conditions of saturation and equilibrium, 
U937 cells were incubated at 4*C with 125 l-mouse myeloma lgG2a (UPC 10) or 125 l-mab 32 in the presence 
of varying amounts of unlabeled human IgGl. Bound labeled antibody was separated from free by 
centrifuging the cells through oil and was quantified by counting the radioactivity associated with the cell 
pellets. Nonspecific binding measured in the presence of a great excess (100 fold) of unlabeled antibody 
was subtracted from total binding to give specific binding. Percent inhibition, calculated as described in 
Materials and Methods, was plotted versus the concentration of inhibitor protein. Nonspecific binding was 6- 
8% of total binding. 

As seen in figure 4, human IgG at concentrations found in human serum (10-15 mg/ml) does not inhibit 
the binding of mab 32 to Fc receptors on U937 cells. On the other hand, if a ligand which binds to the Fc 
receptor through the ligand's Fc region is used, serum levels of IgG inhibit the binding by more than 95%. 
In figure 4, the mouse myeloma IgG 2a designated UPC-10 was used as the ligand. Identical inhibition by 
human IgG has also been demonstrated in experiments using human lgG1 as the ligand. We conclude that 
the binding of mab 32 to cells does not interfere with ligand binding to the FcR binding site and that ligand 
binding does not inhibit mab 32 binding. 

The types of cells which bear the epitope recognized by mab 32 were evaluated by indirect 
immunofluorescence and flow cytometry and data are presented in Table 2. It is apparent that mab 32 
binds to those cells which are known to bear the high affinity IgG FcR, namely U937, HL60, and monocytes. 
Lymphocytes were negative as were the B cell lines Raji and Daudi, and the T cell lines Molt4 and Jurkat. 
Some samples of neutrophils showed low level binding of mab 32. Figure 5 shows the fluorescence 
intensity of cells stained with mab 32. Each panel displays histograms of fluorescence intensity vs cell 
number for cells stained with mab 32 (shaded area) and murine monoclonal lgG2b control (solid line). Cells 
shown are: a) lymphocytes, b) monocytes, and c) U937 cells. Monocytes and lymphocytes from a single 
susension of blood mononuclear cells were identified by gating on forward and 90 • light scatter. Panels a 
and b are 64 channel histograms (20,000 cells counted). The fluorescence detection gain was set at 1500 to 
bring the lymphocytes on scale. Panel c is a 256 channel histogram gated on forward angle light scatter 
(11,000 cells counted). The fluorescence detection gain was set at 1400. The scale of fluorescence intensity 
units was calibrated by fluorescent microspheres. 
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Table 2 


Staining Intensity of Mab32 on Various Cell Types 


10 


15 


Cell Type 


Mean Fluorescence Intensity 



Mab32 

Control 

n 

U937 

103148 

26±10 

11 

HL60 

78±18 

16±7 

7 

Monocytes 

113±37 

29±11 

8 

Lymphocytes 

10±2 

9±3 

2 

Neutrophils 

30±4 

23±3 

2 

Daudi 

34±3 

33±2 

3 

Raj i 




Molt4 

18±2 

18±2 

3 

Jurkat 

22±3 

23±3 

3 


92±20 
80±26 


6 
3 


20 


25 


30 


The specfic methods of this experiment are de- 
tailed in Methods and Materials. In brief, cells from 
various lines, peripheral blood mononuclear cells and 
purified granulocytes were incubated first with either 
Mab32 or mIgG2a and with control myeloma proteins of 
the mlgGl subclass. The washed cells were then incu- 
bated with FITC anti-mlg, washed again, and analyzed 
for fluorescence intensity by flow cytometry. Results 
are expressed as mean fluorescence intensity (MFI) in 
arbitrary units ± SD. 


As illustrated in Figure 5, it should be noted that in spite of some overlap in the fluorescence intensity 
distribution of cells stained with mab 32 and control antibodies, fluorescence intensity plots of all positive 
35 cell types indicated a unimodel distribution with mab 32. This suggests that the entire populations of HL60, 
U937 cells and mono- -cytes, rather than just a major subpopulation, were positive for binding of mab 32. 

Discussion 

40 The development of monoclonal antibodies against the high affinity FcR for IgG of human mononuclear 
phagocytic cells was a particular challenge because two subclasses of murine IgG, lgG2a and lgG3 are 
ligands capable of binding with high affinity to this receptor (Anderson C. L and Abraham, G.N. (1980) J. 
Immunol . 125 : 2735-2741; Zubeck, M.D. et aj (1985) J. Immuol . 135 : 1299-1304). Thus, any assay for mabs 
capable of binding to the receptor would register as positive all antibodies of these two subclasses. Our 

45 strategy was designed to deal with this obstacle, however, and we were successful in obtaining monoclonal 
antibodies of the IgGl subclass capable of binding this receptor at sites on the outer surface of the plasma 
membrane distinct from the ligand binding site. The data supporting this conclusion can be summarized 
briefly for the prototype antibody mab 32: 

First, mab 32 is of the IgGl subclass. This murine IgG subclass has been found incapable of binding to 

so the high affinity FcR. See e.g. Anderson, C. L and Abraham. G. N. (1980) J. Immunol . 125: 2735. Of the 
seven IgGl mabs with anti-U937 activity derived from the fusion described above, four of them adsorbed 
only a 110kDa molecule from lysates of surface radioiodinated U937 cells. Thus, adsorption of the 
72kDaFcR is not a general property of IgGl proteins. (Of the two remaining IgGl mabs, one adsorbed small 
amounts of a 72kDa molecule and the other adsorbed both a 72kDa and a 1 10kDa molecule; these have not 

55 yet been further investigated.) Nevertheless, to eliminate the possibility that mab 32 was a variant IgGl 
which bound through its Fc region to the FcR, we tested the capacity of Fab' fragments of mab 32 to 
adsorb the 72kDa FcR and found that binding occurs independently of the Fc portion of the mab (Fig. 1). 
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Second our data show that the 72kDa molecule adsorbed by mab 32 is the same molecule identified 
as the high' affinity FcR by several criteria previously described. See Anderson, C. L. (1982) J. Exrj. Biol. 
156- 1794 Not only do the molecules appear identical by polyacrylamide gel electrophoresis in SDS 
(Rqure 1) but the isoelectric focussing patterns of the two molecules are the same as well (Figure 3). The 
marked heterogeneity of charge of this molecule has been ascribed to terminal sialic acid residues. The 
preadsorption experiments shown in Figure 2 also support the contention that the 72kDa molecules bound 
by both ligand and mab 32 are identical. Either Hgand or mab 32 is capable of removing the same 72kDa 
molecule from detergent solution such that it is no longer available to the other for adsorption. 

Third the data indicate that mab 32 binds to a site on the 72kDa FcR distinct from the site where ligand 
binds (Figure 4 Table 1). This observation constitutes direct evidence that in fact mab 32 is not binding to 
the receptor as a ligand, for if it were it should inhibit ligand binding. The capacity of mab 32 to bind the 
ligand-occupied FcR should prove useful in a number of circumstances involving detection of the receptor 
in the presence of ligand. To date this has been impossible. 

Fourth it is quite clear from Table 2 that the only cells which bear the epitope recognized by mab 32 
are those 'which bear the 72kDa high affinity FcR. namely, monocytes, HL60 cells and U937 cells. This 
correlation is further evidence that mab 32 is directed against the high affinity FcR. Neutrophils, according 
to the data of Table 2. are the only other cells capable of binding mab32. but the extent of binding is so low 
as to be equivocal. Given observations that IFN-gamma induces the expression of this high affinity FcR on 
neutrophils, it is conceivable that the neutrophils of normal subjects show subtle evidence of induction of 
this receptor. 

Anti-Fc Receptor - Anti-Target Cell Antibody Hetero-aggregates Mediate Human Monocyte A DCC 

The lgG1 monoclonal antibody 32.2. raised against the 72 kd monocyte high affinity Fc receptor was 
used to examine the role of this receptor in ADCC. Whole 32or its Fab fragments were cross-linked to Fab 
fragments of rabbit anti-chicken red blood cells (cRBC) using the agent SPDP. The resulting heteroagg- 
regates (32 x Fab anti cRBC) mediated monocyte and U937 cytotoxicity against cRBC.-See Figure 6. The 
covalent association between the anti-Fc receptor and anti-target Fab was found necessary in order for 
ADCC to occur, since non-cross linked mixtures of 32 and Fab anti-cRBC did not promote ADCC. See 
Figure 6 U937 cells did not perform appreciable levels of ADCC unless stimulated with IFN-gamma; but 
ADCC for these cells was stimulated 3 fold with IFN-gamma. (See Figure 7) In contrast, unstimulated 
human, peripheral blood monocytes (PBM) were able to kill cRBC in the presence of 32 x Fab ant.-CE 
heteroantibodies. and cytotoxicity was increased by IFN-gamma (F.gure 8). A control heteroantibody of Fab 
32 x Fab anti-Strepto coccus mutans did not stimulate control or IFN-gamma treated monocytes or lyse 
cRBC targets See Figure 8. 32 x Fab anti-cRBC promoted cell lysis by U937 cells was not inhibited by 
high levels of blocking lgG1. while cytotoxicity mediated by rabbit anti-cRBC antibody was readily inhibited 
by lgG1 both with IFN-gamma treated and untreated U937 cells. See Figure 9. Fab 32 x Fab anti-cRBC- 
promoted killing by human PBMs. with or without IFN-gamma treatment, was not inhibited by increasing 
levels of blocking lgG1. Rabbit anti-cRBC antibody promoted killing was quickly inhibited by lgG1 
regardless of IFN-gamma induction. See Figure 10. 

In an attempt to define the cell surface determinants on human monocytes that act as trigger molecules 
for cytotoxicity, hybridoma cells (HQ which produced antibody directed to various human monocyte surface 
molecules were selected for high expression of surface Ig and used directly as target cells. Hybndoma cells 
expressing surface Ig directed to the high-affinity FcgR were efficiently killed by human moncytes. whereas 
hybridoma cells expressing surface Ig directed to other molecules present on the monocyte membrane 
were not lysed. Thus, FcgRI. when appropriately triggered, specifically initiates monocyte-med.ated 
cytolysis of tumor target cells. (Graziano and Farger. 1987 J. Immun 138 945-950). 

In previous studies, it has been indicated that IFN-gamma increases both the number of FcgRI 
molecules per monocyte and the ability of monocytes to mediate ADCC. In the work descnbed here 
treatment of monocytes with IFN-gamma did not consistently augment their ability to lyse a hybridoma cell 
(HC 32 2A) expressing high levels of surface Ig to FcgRI. However, a difference was noted in the 
susceptibility to monocyte-mediated killing of hybridomas bearing low (HC 32.2C) and high levels of surface 
Ig anti-FcgRI. Untreated monocytes were able to mediate lysis of both the high (HC 32.2A) and low (HC 
32 2A) surface Ig-bearing cells. In contrast, IFN-gamma treated monocytes lysed the two targets equally 
well. Thus, it appears that IFN-gamma enhances the capability of the monocyte to med.ate antibody- 
dependent killing under conditions where limited antibody is available on the target. 

Cytotoxicity of the anti-FcgRI-bearing cell line HC 32.2C was inhibited by soluble 32.2 antibody but not 
by monomeric human IgG. the natural ligand for the receptor. Although this is not altogether surprising 
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since MAb 32.2 binds to an epitope outside the binding site of FcgRI, it does demonstrate that the ligand 
binding site of FcgRI need not be occupied in order to trigger human monocytes to kill tumor cells. 
Furthermore, using mab 32.2 and a second anti-mouse reagent, we have shown that the release of 
superoxide anion from monocytes requires bridging of FcgRI, suggesting that cross-linking of receptors 

5 may also triggr tumor cell cytotoxicity by the monocyte. Certainly target cells coated with antibody and, in 
the present studies, hybridoma cells expressing multiple anti-FcgRI antibodies per cell would create 
extensive receptor cross-linking on the monocyte cell surface. 

Although in the present study the antibody to FcgRI involved in triggering cytotoxicity was expressed 
on the surface of the HC that produces it, mab 32.2 may be directed to the surface of other types of tumor 

io cells by linking it to an anti-tumor-specific antibody. The resulting heteroantibody could link tumor cells to 
monocytes by way of the FcgRI and may trigger lysis of the tumor cell. These reagents would be attractive 
therapeutic agents, because they would activate and use normal cytotoxic mechanisms present in the host. 
In addition, because mab 32.2 binds to a region of the FcgRI outside the normal Fc binding site, human IgG 
or immune complexes would not interfere with its binding in vivo. We have in fact prepared heteroan- 

75 tibodies that mediate cytotoxicity by monocytes. In particular, reagents composed of the Fab' of mab 32.2 
and the Fab' of rabbit anti-chick erythrocyte (CE) antibody mediated killing of CE by monocytes and by 
I FN-gam ma-treated U937 cells. This killing was not blocked by human lgG1. In contrast, heteroantibodies 
composed of Fab fragments of W6/32 and anti-CE antibodies did not mediate killing of CE by monocytes, 
again suggesting the specificity of FcgRI in triggering cytotoxicity. 

20 More importantly, we have prepared hetero-antibodies of mab 32.2 and a monoclonal antibody (SCCL- 
175) to human small cell carcinoma of the lung (SCCL). We have shown that this heteroantibody can 
mediate killing of SCCL cells in vitro by human monocytes (see table 3). Thus, appropriate hetero-antibody 
can mediate lysis of human tumor cells by human monocytes. 

25 TABLE 3 

ADCC OF SCCL CELLS BY 
30 HUMAN MONONUCLEAR CELLS 

E/T 

3s Heteroantibody ug/ml 40:1 60:1 80:1 

% specific cytotoxicity 


^ SCCL-175 x 32 25 18 24 11 

100 31 37 26 

45 The in vivo efficacy of heteroantibodies composed of mab 32.2 and anti-tumor antibodies may be 
enhanced by the use of physiologic mediators such as IFN-gamma or calcitriol. 

Claims 

Claims for the following Contracting States : BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

50 

1. A bifunctional antibody or heteroantibody. comprising: 

a. at least one antigen binding region derived from an anti-Fc receptor antibody, the binding of which 
to human Fc receptor is not blocked by human immunoglobulin G; and 

b. at least one antigen binding region specific for a target epitope. 

55 

2. A bifunctional antibody or heteroantibody according to claim 1 , wherein the anti-Fc receptor antibody is 
specific for the high affinity Fc receptor for human Ig. 
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3. A bifunctional antibody or heteroantibody according to claim 1 or claim 2, wherein the anti-Fc receptor 
antibody is the monoclonal antibody produced by the hybridoma cell line designated HB9469 or 
monoclonal antibodies produced using IFN-gamma and dexamethasone activated U937 cells. 

4. A bifunctional antibody or heteroantibody according to claim 1 , 2 or 3, wherein the target epitope is that 
of a cancer cell, that of an infectious agent, or that of an antibody-producing cell. 

5. A bifunctional antibody or heteroantibody, comprising: 

a. at least one antigen binding region derived from an antibody which 

i. binds specifically to an epitope of the high affinity Fc receptor for IgG on human monocytes, 
the epitope being distinct from the ligand binding site for Fc of the receptor; 

ii. is capable of binding to IgG-occupied Fc receptor; and 

iii. is not blocked from binding to the receptor by human IgG; and 

b. at least one antigen binding region specific for a target cell. 

6. A bifunctional antibody or heteroantibody of claim 5, wherein the target cell is selected from the group 
consisting of a cancer cell, an infectious agent, an IgE-producing cell and an autoimmune cell. 

7. A heteroantibody comprising: 

a. an antibody or antibody binding fragment specific for Fc receptor for IgG on human monocytes, 
the binding of which to the human Fc receptor is not blocked by human immunoglobulin G; 

b. an antibody or antibody binding fragment specific for a target cell. 

8. An antibody according to claim 7, wherein the antibody or antibody binding fragment for Fc receptor is 
specific for the high affinity Fc receptor. 

9. An antibody according to claim 7 or claim 8, wherein the target cell is selected from the group 
consisting of a cancer cell, an infectious agent, an IgE producing cell and an autoimmune cell. 

10. An antibody according to claim 5 or claim 8, wherein the anti-Fc receptor antibody is the monoclonal 
antibody produced by the hybridoma cell line designated HB9469 or monoclonal antibodies produced 
using IFN-gamma and dexamethasone activated U937 cells. 

11. A bifunctional antibody or heteroantibody comprising: 

a. at least one antigen binding region derived from the monoclonal antibody produced by the 
hybridoma cell line designated HB9469, and 

b. at least one antigen binding region specific for a target epitope. 

12. The antibody or heteroantibody as claimed in any of claims 1 to 11, for use as diagnostic agents or 
therapeutic agents. 

13. Method of making the antibody or heteroantibody as claimed in any of claims 1 to 1 1 , comprising the 
steps of: 

(a) immunizing an animal with an immunogen comprising Fc receptor (e.g. lysates of cells which 
express Fc receptor, partially purified preparations of Fc receptor or whole Fc receptor-bearing 
cells), 

(b) preparing a hybridoma which produces antibody against Fc receptor, which antibody has an 
antigen binding site specific for Fc receptor, and 

(c) preparing a bifunctional antibody or heteroantibody comprising the antigen binding site of step 
(b) and an antigen binding region specific for a target epitope, which bifunctional antibody or 
heteroantibody comprises: 

a. at least one antigen binding region derived from an anti-Fc receptor antibody, the binding of 
which to human Fc receptor is not blocked by human immunoglobulin G; and 

b. at least one antigen binding region specific for a target epitope. 


16 


EP 0 255 249 B1 


Claims for the following Contracting States : AT, ES 

1. A process for the manufacture of a bifunctional antibody or heteroantibody, comprising the steps of: 

(a) immunizing an animal with an immunogen comprising Fc receptor (e.g. lysates of cells which 
express Fc receptor, partially purified preparations of Fc receptor or whole Fc receptor-bearing 
cells), 

(b) preparing a hybridoma which produces antibody against Fc receptor, which antibody has an 
antigen binding site specific for Fc receptor, and 

(c) preparing a bifunctional antibody or heteroantibody comprising the antigen binding site of step 
(b) and an antigen binding region specific for a target epitope, which bifunctional antibody or 
heteroantibody comprises: 

a. at least one antigen binding region derived from an anti-Fc receptor antibody, the binding of 
which to human Fc receptor is not blocked by human immunoglobulin G; and 

b. at least one antigen binding region specific for a target epitope. 

2. A process according to claim 1 wherein the anti-Fc receptor antibody is specific for the high affinity Fc 
receptor for human Ig. 

3. A process according to claim 1 or claim 2 wherein the anti-Fc receptor antibody is (a) the monoclonal 
antibody produced by the hybridoma cell line designated HB9469 or (b) monoclonal antibody produced 
using IFN-gamma and dexamethasone activated U937 cells. 

4. A process according to claim 1 , 2 or 3, wherein the target epitope is that of a cancer cell, that of an 
infectious agent, or that of an antibody-producing cell. 

5. A process for the manufacture of a bifunctional antibody or heteroantibody, comprising the steps of: 

(a) immunizing an animal with an immunogen comprising Fc receptor (e.g. lysates of cells- which 
express Fc receptor, partially purified preparations of Fc receptor or whole Fc receptor-bearing 
cells), 

(b) preparing a hybridoma which produces antibody against Fc receptor, which antibody has an 
antigen binding site specific for Fc receptor, and 

(c) preparing a bifunctional antibody or heteroantibody comprising the antigen binding site of step 
(b) and an antigen binding region specific for a target epitope, which bifunctional antibody or 
heteroantibody comprises: 

a. at least one antigen binding region derived from an antibody which 

i. binds specifically to an epitope of the high affinity Fc receptor for IgG on human monocytes, 
the epitope being distinct from the ligand binding site for Fc of the receptor; 

ii. is capable of binding to IgG-occupied Fc receptor; and 

iii. is not blocked from binding to the receptor by human IgG; and 

b. at least one antigen binding region specific for a target cell. 

6. A process according to claim 5 wherein the target cell is selected from the group consisting of a cancer 
cell, an infectious agent, an IgE-producing cell and an autoimmune cell. 

7. A process for the manufacture of a heteroantibody comprising the steps of: 

(a) immunizing an animal with an immunogen comprising Fc receptor (e.g. lysates of cells which 
express Fc receptor, partially purified preparations of Fc receptor or whole Fc receptor-bearing 
cells), 

(b) preparing a hybridoma which produces antibody against Fc receptor, which antibody has an 
antigen binding site specific for Fc receptor, and 

(c) preparing a bifunctional antibody or heteroantibody comprising the antigen binding site of step 
(b) and an antigen binding region specific for a target epitope, which bifunctional antibody or 
heteroantibody comprises: 

a. an antibody or antibody binding fragment specific for Fc receptor for IgG on human 
monocytes, the binding of which to the human Fc receptor is not blocked by human im- 
munoglobulin G; 

b. an antibody or antibody binding fragment specific for a target cell. 
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8. A process according to claim 7, wherein the antibody or antibody binding fragment for Fc receptor is 
specific for the high affinity Fc receptor. 

9. A process according to claim 7 or claim 8, wherein the target cell is selected from the group consisting 
of a cancer cell, an infectious agent, an IgE producing cell and an autoimmune cell. 

10. A process according to claim 5 or claim 8, wherein the anti-Fc receptor antibody is the monoclonal 
antibody produced by the hybridoma cell line designated HB9469 or monoclonal antibodies produced 
using IFN-gamma and dexamethasone activated U937 cells. 

11. A process for the manufacture of a Afunctional antibody or heteroantibody comprising the steps of: 

(a) immunizing an animal with an immunogen comprising Fc receptor (e.g. lysates of cells which 
express Fc receptor, partially purified preparations of Fc receptor or whole Fc receptor-bearing 
cells), 

(b) preparing a hybridoma which produces antibody against Fc receptor, which antibody has an 
antigen binding site specific for Fc receptor, and 

(c) preparing a bifunctional antibody or heteroantibody comprising the antigen binding site of step 
(b) and an antigen binding region specific for a target epitope, which bifunctional antibody or 
heteroantibody comprises: 

a. at least one antigen binding region derived from the monoclonal antibody produced by the 
hybridoma cell line designated HB9469, and 

b. at least one antigen binding region specific for a target epitope. 

12. The process as claimed in any of claims 1 to 11, wherein the antibody or heteroantibody is for use as 
diagnostic agents or therapeutic agents. 

Claims for the following Contracting State : QR 

1. A bifunctional antibody or heteroantibody, comprising: 

a. at least one antigen binding region derived from an anti-Fc receptor antibody, the binding of which 
to human Fc receptor is not blocked by human immunoglobulin G; and 

b. at least one antigen binding region specific for a target epitope. 

2. A bifunctional antibody or heteroantibody according to claim 1 wherein the anti-Fc receptor antibody is 
specific for the high affinity Fc receptor for human Ig. 

3. A bifunctional antibody or heteroantibody according to claim 1 or claim 2 wherein the. anti-Fc receptor 
antibody is the monoclonal antibody produced by the hybridoma cell line designated HB9469 or 
monoclonal antibodies produced using IFN-gamma and dexamethasone activated U937 cells. 

4. A bifunctional antibody or heteroantibody according to claim 1 , 2 or 3, wherein the target epitope is that 
of a cancer cell, that of an infectious agent, or that of an antibody-producing cell. 

5. A bifunctional antibody or heteroantibody, comprising: 

a. at least one antigen binding region derived from an antibody which 

i. binds specifically to an epitope of the high affinity Fc receptor for IgG on human monocytes, 
the epitope being distinct from the ligand binding site for Fc of the receptor; 

ii. is capable of binding to IgG-occupied Fc receptor; and 

iii. is not blocked from binding to the receptor by human IgG; and 

b. at least one antigen binding region specific for a target cell. 

6. A bifunctional antibody or heteroantibody of claim 5, wherein the target cell is selected from the group 
consisting of a cancer cell, an infectious agent, an IgE-producing cell and an autoimmune cell. 

7. A heteroantibody comprising: 

a. an antibody or antibody binding fragment specific for Fc receptor for IgC on human monocytes, 
the binding of which to the human Fc receptor is not blocked by human immunoglobulin G; 

b. an antibody or antibody binding fragment specific for a target cell. 
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8. An antibody according to claim 7, wherein the antibody or antibody binding fragment for Fc receptor is 
specific for the high affinity Fc receptor. 

9. An antibody according to claim 7 or claim 8, wherein the target cell is selected from the group 
5 consisting of a cancer cell, an infectious agent, an IgE producing cell and an autoimmune cell. 

10. An antibody according to claim 5 or claim 8 wherein the anti-Fc receptor antibody is the monoclonal 
antibody produced by the hybridoma cell line designated HB9469 or monoclonal antibodies produced 
using IFN-gamma and dexamethasone activated U937 cells. 

10 

11. A bifunctional antibody or heteroantibody comprising: 

a. at least one antigen binding region derived from the monoclonal antibody produced by the 
hybridoma cell line designated HB9469, and 

b. at least one antigen binding region specific for a target epitope 

75 

12. The antibody or heteroantibody as claimed in any of claims 1 to 11, for use as diagnostic agents or 
therapeutic agents. 

13. A process for the manufacture of a bifunctional antibody or heteroantibody, comprising the steps of: 

20 (a) immunizing an animal with an immunogen comprising Fc receptor (e.g. lysates of cells which 

express Fc receptor, partially purified preparations of Fc receptor or whole Fc receptor-bearing 
cells), 

(b) preparing a hybridoma which produces antibody against Fc receptor, which antibody has an 
antigen binding site specific for Fc receptor, and 
25 (c) preparing a bifunctional antibody or heteroantibody comprising the antigen binding site of step 

(b) and an antigen binding region specific for a target epitope, which bifunctional antibody or 
heteroantibody comprises: 

a. at least one antigen binding region derived from an anti-Fc receptor antibody, the binding of 
which to human Fc receptor is not blocked by human immunoglobulin G; and 
30 b. at least one antigen binding region specific for a target epitope 

14. A process according to claim 13 wherein the anti-Fc receptor antibody is specific for the high affinity Fc 
receptor for human Ig. 

35 15. A process according to claim 13 or claim 14 wherein the anti-Fc receptor antibody is (a) the 
monoclonal antibody produced by the hybridoma cell line designated HB9469 or (b) monoclonal 
antibody produced using IFN-gamma and dexamethasone activated U937 cells. 

16. A process according to claim 13, 14 or 15 wherein the target epitope is that of a cancer cell, that of an 
40 infectious agent, or that of an antibody-producing cell. 

17. A process for the manufacture of a bifunctional antibody or heteroantibody, comprising the steps of: 

(a) immunizing an animal with an immunogen comprising Fc receptor (e.g. lysates of cells which 
express Fc receptor, partially purified preparations of Fc receptor or whole Fc receptor-bearing 

45 cells). 

(b) preparing a hybridoma which produces antibody against Fc receptor, which antibody has an 
antigen binding site specific for Fc receptor, and 

(c) preparing a bifunctional antibody or heteroantibody comprising the antigen binding site of step 
(b) and an antigen binding region specific for a target epitope, which bifunctional antibody or 

so heteroantibody comprises: 

a. at least one antigen binding region derived from an antibody which 

i. binds specifically to an epitope of the high affinity Fc receptor for IgG on human monocytes, 
the epitope being distinct from the ligand binding site for Fc of the receptor; 

ii. is capable of binding to IgG-occupied Fc receptor; and 

55 iii. is not blocked from binding to the receptor by human IgG; and 

b. at least one antigen binding region specific for a target. 
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1B. A process according to claim 17 wherein the target cell is selected from the group consisting of a 
cancer cell, an infectious agent, an IgE-producing cell and an autoimmune cell. 

19. A process for the manufacture of a heteroantibody comprising the steps of: 

(a) immunizing an animal with an immunogen comprising Fc receptor (e.g. lysates of cells which 
express Fc receptor, partially purified preparations of Fc receptor or whole Fc receptor-bearing 
cells). 

(b) preparing a hybridoma which produces antibody against Fc receptor, which antibody has an 
antigen binding site specific for Fc receptor, and 

(c) preparing a Afunctional antibody or heteroantibody comprising the antigen binding site of step 
(b) and an antigen binding region specific for a target epitope, which bifunctional antibody or 
heteroantibody comprises: 

a. an antibody or antibody binding fragment specific for Fc receptor for IgG on human 
monocytes, the binding of which to the human Fc receptor is not blocked by human im- 
munoglobulin G; 

b. an antibody or antibody binding fragment specific for a target cell. 

20. A process according to claim 19, wherein the antibody or antibody binding fragment for Fc receptor is 
specific for the high affinity Fc receptor. 

21. A process according to claim 19 or claim 20, wherein the target cell is selected from the group 
consisting of a cancer cell, an infectious agent, an IgE producing cell and an autoimmune cell. 

22. A process according to claim 17 or claim 20, wherein the anti-Fc receptor antibody is the monoclonal 
antibody produced by the hybridoma cell line designated HB9469 or monoclonal antibodies produced 
using IFN-gamma and dexamethasone activated U937 cells. 

23. A process for the manufacture of a bifunctional antibody or heteroantibody comprising the steps of: 

(a) immunizing an animal with an immunogen comprising Fc receptor (e.g. lysates of cells which 
express Fc receptor, partially purified preparations of Fc receptor or whole Fc receptor-bearing 
cells). 

(b) preparing a hybridoma which produces antibody against Fc receptor, which antibody has an 
antigen binding site specific for Fc receptor, and 

(c) preparing a bifunctional antibody or heteroantibody comprising the antigen binding site of step 
(b) and an antigen binding region specific for a target epitope, which bifunctional antibody or 
heteroantibody comprises: 

a. at least one antigen binding region derived from the monoclonal antibody produced by the 
hybridoma cell line designated HB9469, and 

b. at least one antigen binding region specific for a target epitope. 

24. The process as claimed in any of claims 13 to 23, wherein the antibody or heteroantibody is for use as 
diagnostic agents or therapeutic agents. 

Patentanspaiche 

Patentanspriiche fur folgende Vertragsstaaten : BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1. Bifunktionaler Antikorper oder Heteroantikorper, enthaltend: 

a. mindestens eine von einem Anti-Fc-Rezeptor-Antikorper stammende Antigenbindungsregion, 
wobei die Bindung am menschlichen Fc-Rezeptor nicht durch menschliches Immunglobulin G 
blockiert ist; und 

b. mindestens eine fiir ein Ziel-Epitop spezifische Antigenbindungsregion. 

2. Bifunktionaler Antikorper oder Heteroantikorper gemaB Anspruch 1, wobei der Anti-Fc-Rezeptor- 
Antikorper spezifisch ist fur den Hochaffinitats-Fc-Rezeptor fur menschliches Ig. 

3. Bifunktionaler Antikorper oder Heteroantikorper gemaB Anspruch 1 oder Anspruch 2, wobei der Anti-Fc- 
Rezeptor-Antikorper der monoklonale Antikorper ist, der von der HB9469 genannten Hybridom-Zellinie 
produziert wird oder monoklonale Antikorper sind, die durch Verwendung von IFN-gamma und 
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Dexamethason aktivierten U937 Zellen gebildet werden. 

4. Bifunktionaler Antikorper Oder Heteroantikorper gemaB Anspruch 1, 2 Oder 3, wobei das Ziel-Epitop 
dasjenige einer Krebszelle, dasjenige eines infektiosen Agens oder dasjenige einer Antikorper produ- 
zierenden Zeile ist 

5. Bifunktionaler Antikorper oder Heteroantikorper, enthaltend: 

a. mindestens eine Antigenbindungsregion. die von einem Antikorper stammt, der 

L spezifisch an ein Epitop eines Hcchaffinitats-Fc-Rezeptors fur IgG auf menschlichen Monozyten 
bindet, wobei sich das Epitop von der Ligandbindungsstelle fur Fc des Rezeptors unterscheidet; 

ii. in der Lage ist, an einen IgG-besetzten Fc-Rezeptor zu binden; und 

iii. durch menschliches IgG nicht zur Bindung an den Rezeptor blockiert wird; und 

b. mindestens eine Antigenbindungsregion, die fur eine Ziel-Zelle spezifisch ist. 

6. Bifunktionaler Antikorper oder Heteroantikorper aus Anspruch 5, wobei die Ziel-Zelle ausgewahlt ist aus 
der Gruppe bestehend aus einer Krebszelle, einem infektiosen Agens, einer IgE produzierenden Zeile 
und einer autoimmunen Zeile. 

7. Heteroantikorper, enthaltend: 

a. ein Antikorper oder Antikorperbindungsfragment, das spezifisch ist fur den Fc-Rezeptor fur IgG 
auf menschlichen Monozyten, wobei deren Bindung an den menschlichen Fc-Rezeptor durch 
menschliches Immunglobulin G nicht blockiert wird; 

b. ein Antikorper oder Antikorperbindungsfragment, das fur eine Ziel-Zelle spezifisch ist. 

8. Antikorper gemaB Anspruch 7. wobei der Antikorper oder das Antikorperbindungsfragment fiir den Fc- 
Rezeptor spezifisch ist fur den Hochaffinitats-Fc-Rezeptor. 

9. Antikorper gemaB Anspruch 7 oder Anspruch 8, wobei die Ziel-Zelle ausgewahlt ist aus der Gruppe 
bestehend aus einer Krebszelle, einem infektiosen Agens, einer IgE produzierenden Zeile und einer 
autoimmunen Zeile. 

10. Antikorper gemaB Anspruch 5 oder Anspruch 8, wobei der Anti-Fc-Rezeptor-Antikorper ein monoklona- 
ler Antikorper ist, der von einer HB9469 genannten Hybridom-Zellinie oder monoklonalen Antikorpern 
produziert wird, wobei IFN-gamma oder Dexamethason aktivierte U937 Zellen verwendet werden. 

11. Bifunktioaler Antikorper oder Heteroantikorper enthaltend: 

a. mindestens eine Antigenbindungsregion, die von dem monoklonalen Antikorper stammt, der von 
der HB9469 genannten Hybridom-Zellinie gebildet wird, und 

b. mindestens einer Antigenbindungsregion, die fur ein Ziel-Epitop spezifisch ist. 

12. Antikorper oder Heteroantikorper gemaB einem der Anspruche 1 bis 11 zur Verwendung als diagnosti- 
sches oder therapeutisches Mittel. 

13. Verfahren zur Herstellung des Antikorpers oder Heteroantikorpers gemaB einem der Anspruche 1 bis 
1 1 , umfassend die Schritte: 

(a) Immunisieren eines Tieres mit einem Immunogen, das einen Fc-Rezeptor (z.B. Lysate von Fc- 
Rezeptor exprimierenden Zellen, von teilweise gereinigten Fc-Rezeptor Praparaten oder von ganzen 
Fc-Rezeptor enthaltenden Zellen) enthalt, 

(b) Herstellung eines Hybridoms, das Antikorper gegen den Fc-Rezeptor bildet, wobei der Antikor- 
per eine Antigenbindungsstelle besitzt, die fur den Fc-Rezeptor spezifisch ist, und 

(c) Herstellung eines bifunktionalen Antikorpers oder Heteroantikorpers, der die Antigenbindungsstel- 
le des Schrittes (b) und eine Antigenbindungsregion, welche fur ein Ziel-Epitop spezifisch ist, 
aufweist, und wobei der bifunktionale Antikorper oder Heteroantikorper enthalt: 

a. mindestens eine von einem Anti-Fc-Rezeptor-Antikorper stammende Antigenbindungsregion, 
wobei die Bindung am menschlichen Fc-Rezeptor nicht durch menschliches Immunglobulin G 
blockiert ist; und 

b. mindestens eine fur ein Ziel-Epitop spezifische Antigenbindungsregion. 
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Patentanspriiche fur folgende Vertragsstaaten : AT, ES 

1. Verfahren zur Herstellung eines bifunktionalen Antikorpers Oder Heteroantikorpers, umfassend die 
Schritte: 

(a) Immunisieren eines Tieres mit einem Immunogen, das einen Fc-Rezeptor (z.B. Lysate von Fc- 
Rezeptor exprimierenden Zellen, von teilweise gereinigten Fc-Rezeptor Praparaten oder von ganzen 
Fc-Rezeptor enthaltenden Zellen) enthalt, 

(b) Herstellung eines Hybridoms, das Antikorper gegen den Fc-Rezeptor bildet, wobei der Antikor- 
per eine Antigenbindungsstelle besitzt, die fur den Fc-Rezeptor spezifisch ist, und 

(c) Herstellung eines bifunktionalen Antikorpers oder Heteroantikorpers, der die Antigenbindungsstei- 
le des Schrittes (b) und eine Antigenbindungsregion, welche fur ein Ziel-Epitop spezifisch ist, 
aufweist, und wobei der bifunktionale Antikorper oder Heteroantikorper enthalt: 

a. mindestens eine von einem Anti -Fc-Rezeptor- Antikorper stammende Antigenbindungsregion, 
wobei die Bindung am menschlichen Fc-Rezeptor nicht durch menschliches Immunglobulin G 
blockiert ist; und 

b. mindestens eine fur ein Ziel-Epitop spezifische Antigenbindungsregion. 

2. Verfahren gemaB Anspruch 1 , worin der Anti-Fc-Rezeptor- Antikorper spezifisch ist fur den Hochaffini- 
tats- Fc-Rezeptor fur menschliches Ig. 

3. Verfahren gemaB Anspruch 1 oder Anspruch 2, worin der Anti-Fc-Rezeptor-Antikorper (a) der monoklo- 
nale Antikorper ist, der von der HB9469 genannten Hybridom-Zellinie produziert wird oder (b) der 
monoklonale Antikorper ist, der durch Verwendung von IFN-gamma und Dexamethason aktivierten 
U937 Zellen gebildet wird. 

4. Verfahren gemaB Anspruch 1, 2 oder 3, worin das Ziel-Epitop dasjenige einer Krebszelle, dasjenige 
eines infektiosen Agens oder dasjenige einer Antikorper produzierenden Zelle ist. 

5. Verfahren zur Herstellung eines bifunktionalen Antikorpers oder Heteroantikorpers, umfassend die 
Schritte: 

(a) Immunisieren eines Tieres mit einem Immunogen, das einen Fc-Rezeptor (z.B. Lysate von Fc- 
Rezeptor exprimierenden Zellen, von teilweise gereinigten Fc-Rezeptor Praparaten oder von ganzen 
Fc-Rezeptor enthaltenden Zellen) enthalt, 

(b) Herstellung eines Hybridoms, das Antikorper gegen den Fc-Rezeptor bildet, wobei der Antikor- 
per eine Antigenbindungsstelle besitzt. die fUr den Fc-Rezeptor spezifisch ist, und 

(c) Herstellung eines bifunktionalen Antikorpers oder Heteroantikorpers, der die Antigenbindungsstel- 
le des Schrittes (b) und eine Antigenbindungsregion, welche fur ein Ziel-Epitop spezifisch ist, 
aufweist, und wobei der bifunktionale Antikorper oder Heteroantikorper enthalt: 

a. mindestens eine Antigenbindungsregion, die von einem Antikorper stammt, der 

i. spezifisch an ein Epitop eines Hochaffinitats-Fc-Rezeptors fUr IgG auf menschlichen Mono- 
zyten bindet, wobei sich das Epitop von der Ligandbindungsstelle fur Fc des Rezeptors 
unterscheidet; 

ii. in der Lage ist, an einen IgG-besetzten Fc-Rezeptor zu binden; und 

iii. durch menschliches IgG nicht zur Bindung an den Rezeptor blockiert wird; und 

b. mindestens eine Antigenbindungsregion, die fur eine Ziel-Zelle spezifisch ist. 

6. Verfahren gemaB Anspruch 5, wobei die Ziel-Zelle ausgewahlt ist aus der Gruppe bestehend aus einer 
Krebszelle, einem infektiosen Agens, einer IgE produzierenden Zelle und einer autoimmunen Zelle. 

7. Verfahren zur Herstellung eines Heteroantikorper, umfassend die Schritte: 

(a) Immunisieren eines Tieres mit einem Immunogen, das einen Fc-Rezeptor (z.B. Lysate von Fc- 
Rezeptor exprimierenden Zellen, von teilweise gereinigten Fc-Rezeptor Praparaten oder von ganzen 
Fc-Rezeptor enthaltenden Zellen) enthalt, 

(b) Herstellung eines Hybridoms, das Antikorper gegen den Fc-Rezeptor bildet, wobei der Antikor- 
per eine Antigenbindungsstelle besitzt, die fur den Fc-Rezeptor spezifisch ist, und 

(c) Herstellung eines bifunktionalen Antikorpers oder Heteroantikorpers, der die Antigenbindungsstel- 
le des Schrittes (b) und eine Antigenbindungsregion, welche fur ein Ziel-Epitop spezifisch ist, 
aufweist. und wobei der bifunktionale Antikorper oder Heteroantikorper enthalt: 
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a. ein Antikorper Oder Antikorperbindungsfragment, das spezifisch ist fur den Fc-Rezeptor fur IgG 
auf menschlichen Monozyten, wobei deren Bindung an den menschlichen Fc-Rezeptor durch 
menschliches Immunglobulin G nicht blockiert wird; 

b. ein Antikorper oder Antikorperbindungsfragment, das fur eine Ziel-Zelle spezifisch ist. 

8. Verfahren gemaB Anspruch 7, wobei der Antikorper oder das Antikorperbindungsfragment fur den Fc- 
Rezeptor spezifisch ist fiir den Hochaffinitats- Fc-Rezeptor. 

9. Verfahren gemaB Anspruch 7 oder Anspruch 8, wobei die Ziel-Zelle ausgewahlt ist aus der Gruppe 
bestehend aus einer Krebszelie, einem infektiosen Agens, einer IgE produzierenden Zelte und einer 
autotmmunen Zelte. 

10. Verfahren gemaB Anspruch 5 oder Anspruch 8, wobei der Anti-Fc-Rezeptor-Antikorper ein monoklona- 
ler Antikorper ist, der von einer HB9469 genannten Hybridom-Zellinie oder monoklonalen Antikorpern 
produziert wird, wobei IFN-gamma oder Dexamethason aktivierte U937 Zellen verwendet werden. 

11. Verfahren zur Herstellung eines bifunktioalen Antikorpers oder Heteroantikorpers, die Schritte umfas- 
send: 

(a) Immunisieren eines Tieres mit einem Immunogen, das einen Fc-Rezeptor (z.B. Lysate von Fc- 
Rezeptor exprimierenden Zellen, von teilweise gereinigten Fc-Rezeptor Praparaten oder von ganzen 
Fc-Rezeptor enthaltenden Zellen) enthalt, 

(b) Herstellung eines Hybridoms, das Antikorper gegen den Fc-Rezeptor bildet, wobei der Antikor- 
per eine Antigenbindungsstelle besitzt, die fur den Fc-Rezeptor spezifisch ist, und 

(c) Herstellung eines bifunktionalen Antikorpers oder Heteroantikorpers, der die Antigenbindungsstel- 
le des Schrittes (b) und eine Antigenbindungsregion, welche fiir ein Ziel-Epitop spezifisch ist, 
aufweist, und wobei der bifunktionale Antikorper Oder Heteroantikorper enthalt: 

a. mindestens eine Antigenbindungsregion, die von dem monoklonalen Antikorper stammt, der 
von der HB9469 genannten Hybridom-Zellinie gebildet wird, und 

b. mindestens einer Antigenbindungsregion, die fiir ein Ziel-Epitop spezifisch ist. 

12. Verfahren gemaB einem der AnsprUche 1 bis 11, worin der Antikorper oder Heteroantikorper benutzt 
wird zur Verwendung als diagnostisches oder therapeutisches Mittel. 

Patentanspriiche fur folgenden Vertragsstaat : GR 

1. Bifunktionaler Antikorper oder Heteroantikorper, enthaltend: 

a. mindestens eine von einem Anti-Fc-Rezeptor-Antikorper stammende Antigenbindungsregion, 
wobei die Bindung am menschlichen Fc-Rezeptor nicht durch menschliches Immunglobulin G 
blockiert ist; und 

b. mindestens eine fur ein Ziel-Epitop spezifische Antigenbindungsregion. 

2. Bifunktionaler Antikorper oder Heteroantikorper gemaB Anspruch 1, wobei der Anti-Fc-Rezeptor- 
Antikorper spezifisch ist fur den Hochaffinitats-Fc-Rezeptor fur menschliches Ig. 

3. Bifunktionaler Antikorper oder Heteroantikorper gemaB Anspruch 1 oder Anspruch 2, wobei der Anti-Fc- 
Rezeptor-Antikorper der monoklonale Antikorper ist, der von der HB9469 genannten Hybridom-Zellinie 
produziert wird oder monoklonale Antikorper sind, die durch Verwendung von IFN-gamma und 
Dexamethason aktivierten U937 Zellen gebildet werden. 

4. Bifunktionaler Antikorper oder Heteroantikorper gemaB Anspruch 1, 2 oder 3, wobei das Ziel-Epitop 
dasjenige einer Krebszelie, dasjenige eines infektiosen Agens oder dasjenige einer Antikorper produ- 
zierenden Zelle ist. 

5. Bifunktionaler Antikorper oder Heteroantikorper, enthaltend: 

a. mindestens eine Antigenbindungsregion, die von einem Antikorper stammt, der 

i. spezifisch an ein Epitop eines Hochaffinitats-Fc-Rezeptors fur IgG auf menschlichen Monozyten 
bindet, wobei sich das Epitop von der Ligandbindungsstelle fur Fc des Rezeptors unterscheidet; 

ii. in der Lage ist, an einen IgG-besetzten Fc-Rezeptor zu binden; und 
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iii. durch menschliches IgG nicht zur Bindung an den Rezeptor blockiert wird; und 
b. mindestens eine Antigenbindungsregion, die fur eine Ziel-Zelle spezifisch ist. 

6. Bifunktionaler Antikorper oder Heteroantikorper aus Anspruch 5, wobei die Ziel-Zelle ausgewahlt ist aus 
der Gruppe bestehend aus einer Krebszelle, einem infektiosen Agens, einer IgE produzierenden Zelle 
und einer autoimmunen Zelle. 

7. Heteroantikorper, enthaltend: 

a. ein Antikorper oder Antikorperbindungsfragment, das spezifisch ist fiir den Fc-Rezeptor fur IgG 
auf menschlichen Monozyten, wobei deren Bindung an den menschlichen Fc-Rezsptor durch 
menschliches Immunglobulin G nicht blockiert wird; 

b. ein Antikorper oder Antikorperbindungsfragment, das fur eine Ziel-Zelle spezifisch ist. 

8. Antikorper gemaB Anspruch 7, wobei der Antikorper oder das Antikorperbindungsfragment fur den Fc- 
Rezeptor spezifisch ist fur den Hochaffinitats-Fc-Rezeptor. 

9. Antikorper gemaB Anspruch 7 oder Anspruch 8, wobei die Ziel-Zelle ausgewahlt ist aus der Gruppe 
bestehend aus einer Krebszelle, einem infektiosen Agens, einer IgE produzierenden Zelle und einer 
autoimmunen Zelle. 

10. Antikorper gemaB Anspruch 5 oder Anspruch 8, wobei der Anti-Fc-Rezeptor-Antikorper ein monoklona- 
ler Antikorper ist, der von einer HB9469 genannten Hybridom-Zellinie oder monoklonalen Antikorpern 
produziert wird, wobei IFN-gamma oder Dexamethason aktivierte U937 Zellen verwendet werden. 

11. Bifunktioaler Antikorper oder Heteroantikorper enthaltend: 

a. mindestens eine Antigenbindungsregion, die von dem monoklonalen Antikorper stammt, der von 
der HB9469 genannten Hybridom-Zellinie gebildet wird, und 

b. mindestens einer Antigenbindungsregion, die fur ein Ziel-Epitop spezifisch ist. 

12. Antikorper oder Heteroantikorper gemaB einem der Anspruche 1 bis 11 zur Verwendung als diagnosti- 
sches oder therapeutisches Mittel. 

13. Verfahren zur Herstellung eines bifunktionalen Antikorpers oder Heteroantikorpers, umfassend die 
Schritte: 

(a) Immunisieren eines Tieres mit einem Immunogen, das einen Fc-Rezeptor (z.B. Lysate von Fc- 
Rezeptor exprimierenden Zellen, von teilweise gereinigten Fc-Rezeptor Praparaten oder von ganzen 
Fc-Rezeptor enthaltenden Zellen) enthalt, 

(b) Herstellung eines Hybridoms, das Antikorper gegen den Fc-Rezeptor bildet, wobei der Antikor- 
per eine Antigenbindungsstelle besitzt, die fUr den Fc-Rezeptor spezifisch ist, und 

(c) Herstellung eines bifunktionalen Antikorpers oder Heteroantikorpers, der die Antigenbindungsstel- 
le des Schrittes (b) und eine Antigenbindungsregion, welche fur ein Ziel-Epitop spezifisch ist, 
aufweist, und wobei der bifunktionale Antikorper oder Heteroantikorper enthalt: 

a. mindestens eine von einem Anti-Fc-Rezeptor-Antikorper stammende Antigenbindungsregion, 
wobei die Bindung am menschlichen Fc-Rezeptor nicht durch menschliches Immunglobulin G 
blockiert ist; und 

b. mindestens eine fiir ein Ziel-Epitop spezifische Antigenbindungsregion. 

14. Verfahren gemaB Anspruch 13, worin der Anti-Fc-Rezeptor-Antikorper spezifisch ist fur den Hochaffini- 
tats-Fc-Rezeptor fur menschliches Ig. 

15. Verfahren gemaB Anspruch 13 oder Anspruch 14, worin der Anti-Fc-Rezeptor-Antikorper (a) der 
monoklonale Antikorper ist, der von der HB9469 genannten Hybridom-Zellinie produziert wird oder (b) 
der monoklonale Antikorper ist, der durch Verwendung von IFN-gamma und Dexamethason aktivierten 
U937 Zellen gebildet wird. 

16. Verfahren gemaB Anspruch 13, 14 oder 15, worin das Ziel-Epitop dasjenige einer Krebszelle, dasjenige 
eines infektiosen Agens oder dasjenige einer Antikorper produzierenden Zelle ist. 
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17. Verfahren zur Herstellung eines bifunktionalen Antikorpers Oder Heteroantikorpers, umfassend die 
Schritte: 

(a) Immunisieren eines Tieres mit einem Immunogen, das einen Fc-Rezeptor (z.B. Lysate von Fc- 
Rezeptor exprimierenden Zellen, von teilweise gereinigten Fc-Rezeptor Praparaten Oder von ganzen 

5 Fc-Rezeptor enthaltenden Zellen) enthalt, 

(b) Herstellung eines Hybridoms, das Antikorper gegen den Fc-Rezeptor bildet, wobei der Antikor- 
per eine Antigenbindungsstelle besitzt, die fur den Fc-Rezeptor spezifisch ist, und 

(c) Herstellung eines bifunktionalen Antikorpers oder Heteroantikorpers, der die Antigenbindungsstel- 
le des Schrittes (b) und eine Antigenbindungsregion, welche fur ein Ziel-Epitop spezifisch ist, 

10 aufweist, und wobei der bifunktionale Antikorper oder Heteroantikorper enthalt: 

a. mindestens eine Antigenbindungsregion, die von einem Antikorper stammt, der 

i. spezifisch an ein Epitop eines Hochaffinitats-Fc-Rezeptors fur IgG auf menschlichen Mono- 
zyten bindet, wobei sich das Epitop von der Ligandbindungsstelle fur Fc des Rezeptors 
unterscheidet; 

75 " * ii. in der Lage ist, an einen IgG-besetzten Fc-Rezeptor zu binden; und 

iii. durch menschliches IgG nicht zur Bindung an den Rezeptor blockiert wird; und 

b. mindestens eine Antigenbindungsregion, die fur eine Ziel-Zelle spezifisch ist. 

18. Verfahren gemaB Anspruch 17, wobei die Ziel-Zelle ausgewahlt ist aus der Gruppe bestehend aus 
20 einer Krebszelle. einem infektiosen Agens, einer IgE produzierenden Zelle und einer autoimmunen 

Zelle. 

19. Verfahren zur Herstellung eines Heteroantikorper, umfassend die Schritte: 

(a) Immunisieren eines Tieres mit einem Immunogen, das einen Fc-Rezeptor (z.B. Lysate von Fc- 
25 Rezeptor exprimierenden Zellen, von teilweise gereinigten Fc-Rezeptor Praparaten oder von ganzen 

Fc-Rezeptor enthaltenden Zellen) enthalt, 

(b) Herstellung eines JHybridoms, das Antikorper gegen den Fc-Rezeptor bildet, wobei der Antikor- 
per eine Antigenbindungsstelle besitzt, die fur den Fc-Rezeptor spezifisch ist, und 

(c) Herstellung eines bifunktionalen Antikorpers oder Heteroantikorpers, der die Antigenbindungsstel- 
30 le des Schrittes (b) und eine Antigenbindungsregion. welche fur ein Ziel-Epitop spezifisch ist, 

aufweist, und wobei der bifunktionale Antikorper oder Heteroantikorper enthalt: 

a. ein Antikorper oder Antikdrperbindungsfragment, das spezifisch ist fur den Fc-Rezeptor fur IgG 
auf menschlichen Monozyten, wobei deren Bindung an den menschlichen Fc-Rezeptor durch 
menschliches Immunglobulin G nicht blockiert wird; 
35 b. ein Antikorper oder Antikorperbindungsfragment, das fur eine Ziel-Zelle spezifisch ist. 

20. Verfahren gemaB Anspruch 19, wobei der Antikorper oder das Antikorperbindungsfragment fur den Fc- 
Rezeptor spezifisch ist fur den Hochaffinitats-Fc-Rezeptor. 

40 21. Verfahren gemaB Anspruch 19 oder Anspruch 20, wobei die Ziel-Zelle ausgewahlt ist aus der Gruppe 
bestehend aus einer Krebszelle, einem infektiosen Agens, einer IgE produzierenden Zelle und einer 
autoimmunen Zelle. 

22. Verfahren gemaB Anspruch 17 oder Anspruch 20, wobei der Anti- Fc-Rezeptor- Antikorper ein monoklo- 
45 naler Antikorper ist, der von einer HB9469 genannten Hybridom-Zellinie oder monoklonalen Antikorpern 

produziert wird, wobei IFN-gamma oder Dexamethason aktivierte U937 Zellen verwendet werden. 

23. Verfahren zur Herstellung eines bifunktioalen Antikorpers oder Heteroantikorpers, die Schritte umfas- 
send: 

so (a) Immunisieren eines Tieres mit einem Immunogen, das einen Fc-Rezeptor (z.B. Lysate von Fc- 

Rezeptor exprimierenden Zellen, von teilweise gereinigten Fc-Rezeptor Praparaten oder von ganzen 
Fc-Rezeptor enthaltenden Zellen) enthalt, 

(b) Herstellung eines Hybridoms, das Antikorper gegen den Fc-Rezeptor bildet, wobei der Antikor- 
per eine Antigenbindungsstelle besitzt, die fur den Fc-Rezeptor spezifisch ist, und 
55 (c) Herstellung eines bifunktionalen Antikorpers oder Heteroantikorpers, der die Antigenbindungsstel- 

le des Schrittes (b) und eine Antigenbindungsregion, welche fur ein Ziel-Epitop spezifisch ist, 
aufweist, und wobei der bifunktionale Antikorper oder Heteroantikorper enthalt: 
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a. mindestens eine Antigenbindungsregion, die von dem monoklonalen Antikorper stammt, der 
von der HB9469 genannten Hybridom-Zellinie gebildet wird, und 

b. mindestens einer Antigenbindungsregion, die fur ein Ziel-Epitop spezifisch ist. 

24. Verfahren gemafl einem der Anspriiche 13 bis 23, worin der Antikorper oder Heteroantikorper benutzt 
wird zur Verwendung als diagnostisches oder therapeutisches Mittel. 

Revendications 

Revendications pour les Etats contractants suivants : BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1. Anticorps bifonctionnel ou heteroanticorps comprenant : 

(a) au moins une region de liaison a un antigene d^riv^e d'un anticorps anti-recepteur Fc, dont la 
liaison au recepteur Fc humain n'est pas empechee par une immunoglobuline G humaine; et 

(b) au moins une region de liaison a un antigene specifique d'un epitope cible. 

2. Anticorps bifonctionnel ou heteroanticorps selon la revendication 1 dans lequel I'anticorps anti- 
recepteur Fc est specifique du recepteur Fc de haute affinite pour des Ig humaines. 

3. Anticorps bifonctionnel ou heteroanticorps selon la revendication 1 ou la revendication 2, dans lequel 
I'anticorps anti-recepteur Fc est I'anticorps monoclonal produit par la lignee de cellules d'hybridome 
d^signe* par HB9469 ou un anticorps monoclonal produit a Taide de cellules U937 activ^es par I'lFN- 
gamma et la dexamethasone. 

4. Anticorps bifonctionnel ou heteroanticorps selon Tune des revendications 1, 2 ou 3, dans lequel 
Tepitope cible est celui d'une cellule cancereuse, d'un agent infectieux ou d'une cellule productrice 
d'anticorps. 

5. Anticorps bifonctionnel ou heteroanticorps, comprenant 

a) au moins une region de liaison a un antigene derivee d'un anticorps qui 

L se lie specif iquement a un epitope du recepteur Fc de haute affinite pour les IgG sur les 
monocytes humains, repitope etant distinct du site de liaison du ligand pour Fc du recepteur; 
ii. est capable de se Her au recepteur Fc occupe par une IgG; et 
iii) sa liaison au recepteur n'est pas empechee par les IgG humaines; et 

b) au moins une region de liaison a un antigene specifique d'une cellule cible. 

6. Anticorps bifonctionnel ou heteroanticorps selon la revendication 5, dans lequel la cellule cible est 
choisie parmi le groupe consistant en cellules cancereuses, agents infectieux, cellules productrices 
d'lgE et cellules auto-immunes. 

7. Heteroanticorps comprenant : 

a) un anticorps ou fragment de liaison d'un anticorps specifique du recepteur Fc pour les IgG sur 
des monocytes humains, dont la liaison au recepteur Fc humain n'est pas empechee par I'immuno- 
globufine G humaine; 

b) un anticorps ou fragment de liaison d'un anticorps specifique d'une cellule cible. 

8. Anticorps selon la revendication 7, dans lequel I'anticorps ou le fragment de liaison d'un anticorps pour 
le recepteur Fc est specifique du recepteur Fc de haute affinite. 

9. Anticorps selon la revendication 7 ou la revendication 8, dans lequel la cellule cible est choisie parmi le 
groupe consistant en cellules cancereuses, agents infectieux, cellules productrices d'lgE et cellules 
autoimmunes. 

10. Anticorps selon la revendication 5 ou la revendication 8, dans lequel I'anticorps anti-recepteur Fc est 
I'anticorps monoclonal produit par la lignee de cellules d'hybridome designe par HB9469 ou un 
anticorps monoclonal produit a I'aide de cellules U937 activees par I'lFN-gamma et la dexamethasone. 

11. Anticorps bifonctionnel ou heteroanticorps comprenant: 


26 


EP 0 255 249 B1 


a) au moins une region de liaison a un antigene derivee de I'anticorps monoclonal produit par la 
lignee de cellules d'hybridome designe par HB9469, et 

b) au moins une region de liaison a un antigene specifique d'un epitope cible. 

12. Anticorps ou heteroanticorps selon Tune des revendications 1 a 11. pour utilisation en tant qu'agent de 
diagnostic ou agent therapeutique. 

1a Methode de preparation d'un anticorps ou heteroanticorps selon Tune des revendications 1 a 11, 
comprenant les etapes : 

a) d'immunisation d'un animal avec un immunogene comprenant le recepteur Fc (par exemple des 
lysats de cellules qui expriment le recepteur Fc, des preparations de recepteur Fc partiellement 
purifies ou des cellules entieres portant un recepteur Fc), 

b) de preparation d'un hybridome qui produit un anticorps contre le recepteur Fc f lequel anticorps a 
un site de liaison antigenique specifique du recepteur Fc, et 

c) de preparation d'un anticorps bifonctionnel ou d'un heteroanticorps comprenant le site de liaison 
a un antigene de retape b) et une region de liaison a un antigene specifique d'un epitope cible, 
lequel anticorps bifonctionnel ou heteroanticorps comprend : 

a. au moins une region de liaison a un antigene derivee d'un anticorps anti-recepteur Fc, dont la 
liaison au recepteur Fc humam n'est pas empechSe par I'immunoglobuline G humaine; et 

b. au moins une region de liaison a un antigene specifique d'un epitope cible. 

Revendications pour les Etats contractants suivants : AT, ES 

1. Procede de preparation d'un anticorps bifonctionnel ou heteroanticorps comprenant les etapes : 

a) d'immunisation d'un animal avec un immunogene comprenant le recepteur Fc (par exemple des 
lysats de cellules qui expriment le recepteur Fc, des preparations de recepteur Fc partiellement 
purifiees ou des cellules entieres portant un recepteur Fc), 

b) de preparation d'un hybridome qui produit un anticorps contre le recepteur Fc, lequel anticorps a 
un site de liaison antigenique specifique du recepteur Fc, et 

c) de preparation d'un anticorps bifonctionnel ou d'un heteroanticorps comprenant le site de liaison 
a un antigene de retape b) et d'une region de liaison a un antigene specifique d'un epitope cible, 
lequel anticorps bifonctionnel ou heteroanticorps comprend : 

a. au moins une region de liaison a un antigene derivee d'un anticorps anti-recepteur Fc, dont la 
liaison au recepteur Fc humain n'est pas empechee par I'immunoglobuline G humaine; et 

b. au moins une region de liaison a un antigene specifique d'un epitope cible. 

2. Procede selon la revendication 1 dans lequel I'anticorps anti-recepteur Fc est specifique du recepteur 
Fc de haute affinite pour des Ig humaines. 

3. Procede selon la revendication 1 ou la revendication 2, dans lequel I'anticorps anti-recepteur Fc est (a) 
I'anticorps monoclonal produit par la lignee de cellules d'hybridome designe par HB9469 ou (b) un 
anticorps monoclonal produit a 1'aide de cellules U937 activees par I'lFN-gamma et la dexamethasone. 

4. Procede selon Tune des revendications 1, 2 ou 3, dans lequel Tepitope cible est celui d'une cellule 
cancereuse, d'un agent infectieux ou d'une cellule productrice d'anticorps. 

5. Procede de preparation d'un anticorps bifonctionnel ou d'un heteroanticorps, comprenant les etapes : 

a) d'immunisation d'un animal avec un immunogene comprenant le recepteur Fc (par exemple des 
lysats de cellules qui expriment le recepteur Fc. des preparations de recepteur Fc partiellement 
purifiees ou des cellules entieres portant un recepteur Fc), 

b) de preparation d'un hybridome qui produit un anticorps contre le recepteur Fc, lequel anticorps a 
un site de liaison antigenique specifique du recepteur Fc, et 

c) de preparation d'un anticorps bifonctionnel ou d'un heteroanticorps comprenant le site de liaison 
a un antigene de retape b) et d'une region de liaison a un antigene specifique d'un epitope cible, 
lequel anticorps bifonctionnel ou heteroanticorps comprend : 

a) au moins une region de liaison a un antigene derivee d'un anticorps qui 

i. se lie specifiquement a un epitope du recepteur Fc de haute affinite pour des IgG sur les 
monocytes humains, repitope etant distinct du site de liaison du ligand pour Fc du recepteur; 
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ii. est capable de se lier au recepteur Fc occupe par une IgG; et 
in. sa liaison au recepteur n'est pas empechee par les IgG humaines; et 
b) au moins une region de liaison a un antigene specifique d'une cellule cible. 

6. Procede selon la revendication 5, dans lequel la cellule cible est choisie parmi !e groupe consistant en 
cellules cancereuses. agents infectieux, cellules productrices d'lgE et cellules auto-immunes. 

7. Procede de preparation d'un anticorps bifonctionnel ou d'un heteroanticorps. comprenant les etapes : 

a) d'immunisation d'un animal avec un immunogene comprenant le recepteur Fc (par exemple des 
lysats de cellules qui expriment le recepteur Fc, des preparations de recepteur Fc partiellement 
purifiees ou des cellules entieres portant un recepteur Fc), 

b) de preparation d'un hybridome qui produit un anticorps contre le recepteur Fc, lequel anticorps a 
un site de liaison antigenique specifique du recepteur Fc, et 

c) de preparation d f un anticorps bifonctionnel ou d'un heteroanticorps comprenant le site de liaison 
a un antigene de Tetape b) et d'une region de liaison a un antigene specifique d'un epitope cible, 
lequel anticorps bifonctionnel ou heteroanticorps comprend : 

a. un anticorps ou fragment de liaison d'un anticorps specifique du recepteur Fc pour les IgG sur 
des monocytes humains, dont la liaison au recepteur Fc humain n'est pas empechee par 
I'immunoglobuline G humaine; 

b. un anticorps ou fragment de liaison d'un anticorps specifique d'une cellule cible 

8. Procede selon la revendication 7, dans lequel I'anticorps ou le fragment de liaison d'un anticorps pour 
le recepteur Fc est specifique du recepteur Fc de haute affinite. 

9. Procede selon la revendication 7 ou la revendication 8, dans lequel la cellule cible est choisie parmi le 
groupe consistant en cellules cancereuses, agents infectieux, cellules productrices d'lgE et cellules 
autoimmunes. 

10. Procede selon la revendication 5 ou la revendication 8, dans lequel I'anticorps anti-recepteur Fc est 
I'anticorps monoclonal produit par la lignee de cellules d'hybridome designe par HB9469 ou un 
anticorps monoclonal produit a I'aide de cellules U937 activees par I'IFN-gamma et la dexamethasone. 

11. Procede de preparation d'un anticorps bifonctionnel ou d'un heteroanticorps, comprenant les etapes : 

a) d'immunisation d'un animal avec un immunogene comprenant le recepteur Fc (par exemple des 
lysats de cellules qui expriment le recepteur Fc. des preparations de recepteur Fc partiellement 
purifiees ou des cellules entieres portant un recepteur Fc), 

b) de preparation d'un hybridome qui produit un anticorps contre le recepteur Fc, lequel anticorps a 
un site de liaison antigenique specifique du recepteur Fc, et 

c) de preparation d'un anticorps bifonctionnel ou d'un heteroanticorps comprenant le site de liaison 
a un antigene de retape b) et une region de liaison a un antigene specifique d'un epitope cible, 
lequel anticorps bifonctionnel ou heteroanticorps comprend : 

a. au moins une region de liaison a un antigene derivee de I'anticorps monoclonal produit par la 
lignee de cellules d'hybridome designe par HB9469, et 

b. au moins une region de liaison a un antigene specifique d'un epitope cible. 

12. Procede selon I'une des revendications 1 a 11, dans lequel I'anticorps ou I'heteroanticorps est destine 
a une utilisation en tant qu'agent de diagnostic ou agent therapeutique. 

Revendications pour I'Etat contractant sulvant : GR 

1. Anticorps bifonctionnel ou heteroanticorps comprenant : 

(a) au moins une region de liaison a un antigene derivee d'un anticorps anti-recepteur Fc, dont la 
liaison au recepteur Fc humain n'est pas empechee par une immunoglobuline G humaine; et 

(b) au moins une region de liaison a un antigene specifique d'un epitope cible. 

2. Anticorps bifonctionnel ou heteroanticorps selon la revendication 1 dans lequel I'anticorps anti- 
recepteur Fc est specifique du recepteur Fc de haute affinite pour des Ig humaines. 
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3. Anticorps bifonctionnel ou heteroanticorps selon la revendication 1 ou la revendication 2, dans lequel 
I'anticorps anti-recepteur Fc est I'anticorps monoclonal produit par la lignee de cellules d'hybridome 
designe par HB9469 ou un anticorps monoclonal produit a Paide de cellules U937 activees par I'lFN- 
gamma et la dexamethasone. 

5 

4. Anticorps bifonctionnel ou heteroanticorps selon Tune des revendications 1, 2 ou 3, dans lequel 
('epitope cible est celui d'une cellule cancereuse, d'un agent infectieux ou d'une cellule productrice 
d 'anticorps. 

io 5. Anticorps bifonctionnel ou heteroanticorps, comprenant 

a) au moins une region de liaison a un antigene derivee d'un anticorps qui 

i. se lie sp^cifiquement a un epitope du recepteur Fc de haute affinity pour les IgG sur les 
monocytes humains, I'epitope etant distinct du site de liaison du ligand pour Fc du recepteur; 

ii. est capable de se lier au recepteur Fc occupd par une IgG; et 

is iii. sa liaison au recepteur n'est pas empechee par les IgG humaines; et 

b) au moins une region de liaison a un antigene specifique d'une cellule cible. 

. 6. Anticorps bifonctionnel ou heteroanticorps selon la revendication 5, dans lequel la cellule cible est 
choisie parmi le groupe consistant en cellules canceVeuses, agents infectieux, cellules productrices 
20 d'lgE et cellules auto-immunes. 

7. Heteroanticorps comprenant : 

a) un anticorps ou fragment de liaison d'un anticorps specifique du recepteur Fc pour les IgG sur 
des monocytes humains, dont la liaison au recepteur Fc humain n'est pas empechee par I'immuno- 

25 globuline G humaine; 

b) un anticorps ou fragment de liaison d'un anticorps specifique d'une cellule cible. 

8. Anticorps selon la revendication 7, dans lequel I'anticorps ou le fragment de liaison d'un anticorps pour 
le r£cepteur Fc est specifique du recepteur Fc de haute affinite. 
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9. Anticorps selon la revendication 7 ou la revendication 8, dans lequel la cellule cible est choisie parmi le 
groupe consistant en cellules cancereuses, agents infectieux, cellules productrices d'lgE et cellules 
auto-immunes. 

35 10. Anticorps selon la revendication 5 ou la revendication 8, dans lequel I'anticorps anti-recepteur Fc est 
I'anticorps monoclonal produit par la lignee de cellules d'hybridome designe par HB9469 ou un 
anticorps monoclonal produit a Paide de cellules U937 activees par PIFN-gamma et la dexamethasone. 

11. Anticorps bifonctionnel ou heteroanticorps comprenant: 

40 a) au moins une region de liaison a un antigene derivee de I'anticorps monoclonal produit par la 

lignee de cellules d'hybridome designe par HB9469, et 
b) au moins une region de liaison a un antigene specifique d'un epitope cible. 

12. Anticorps ou heteroanticorps selon Tune des revendications 1 a 11, pour utilisation en tant qu'agent de 
45 diagnostic ou agent therapeutique. 

13. Methode de preparation d'un anticorps ou heteroanticorps selon I'une des revendications 1 a 11, 
comprenant les etapes : 

a) d'immunisation d'un animal avec un immunogene comprenant le recepteur Fc (par exemple des 
so lysats de cellules qui expriment le recepteur Fc, des preparations de recepteur Fc partiellement 

purifiees ou des cellules entieres portant un recepteur Fc), 

b) de preparation d'un hybridome qui produit un anticorps contre le recepteur Fc, lequel anticorps a 
un site de liaison antigenique specifique du recepteur Fc, et 

c) de preparation d'un anticorps bifonctionnel ou d'un heteroanticorps comprenant le site de liaison 
55 a un antigene de Petape b) et une region de liaison a un antigene specifique d'un epitope cible, 

lequel anticorps bifonctionnel ou heteroanticorps comprend : 

a. au moins une region de liaison a un antigene derivee d'un anticorps anti-recepteur Fc, dont la 
liaison au recepteur Fc humain n'est pas empechee par Pimmunoglobuline G humaine; et 
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b. au moins une region de liaison a un antigene specifique d'un epitope cible. 

14. Procede seion ta revendication 3 dans lequel I'anticorps anti-recepteur Fc est specifique du recepteur 
Fc de haute affinite pour des Ig humaines. 

15. Procede selon la revendication 13 ou la revendication 14, dans lequel I'anticorps anti-recepteur Fc est 
(a) I'anticorps monoclonal produit par la lignee de cellules d'hybridome d6sign§ par HB9469 ou (b) un 
anticorps monoclonal produit a I'aide de cellules U937 activees par I'lFN-gamma et la dexamethasone. 

16. Procede seion Tune des revendications 13, 14 ou 15, dans lequel I'epitcpe cible est celui d'une ceilule 
cancereuse, d'un agent infectieux ou d'une cellule productrice d'anticorps. 

17. Procede de preparation d'un anticorps bifonctionnel ou heteroanticorps, comprenant les etapes : 

a) d'immunisation d'un animal avec un immunogene comprenant le recepteur Fc (par exemple des 
lysats de cellules qui expriment le recepteur Fc, des preparations de recepteur Fc partiellement 
purifiees ou des cellules entieres portant un recepteur Fc), 
• b) de preparation d*un hybridome qui produit un anticorps contre le recepteur Fc, lequel anticorps a 
un site de liaison antigentque specifique du recepteur Fc, et 

c) de preparation d'un anticorps bifonctionnel ou d'un heteroanticorps comprenant le site de liaison 
a un antigene de I'etape b) et une region de liaison a un antigene specifique d'un epitope cible, 
lequel anticorps bifonctionnel ou heteroanticorps comprend : 

a. au moins une region de liaison a un antigene derivee d'un anticorps qui 

i. se lie sp£cifiquement a un epitope du recepteur Fc de haute affinite pour les IgG sur les 
monocytes humains, repitope etant distinct du site de liaison du ligand pour Fc du recepteur; 

ii. est capable de se lier au recepteur Fc occupe par une IgG; et 

iii. sa liaison au recepteur n'est pas empechee par les IgG humaines; et 

b. au moins une region de liaison a un antigene specifique d'une cellule cible. 

18. Procede selon la revendication 17, dans lequel la cellule cible est choisie parmi le groupe consistant en 
cellules cancereuses, agents infectieux, cellules productrices d'lgE et cellules auto-immunes. 

19. Procede de preparation d'un Hhteroanticorps comprenant les etapes : 

a) d'immunisation d'un animal avec un immunogene comprenant le recepteur Fc (par exemple des 
lysats de cellules qui expriment le recepteur Fc, des preparations de recepteur Fc partiellement 
purifiees ou des cellules entieres portant un recepteur Fc), 

b) de preparation d'un hybridome qui produit un anticorps contre le recepteur Fc, lequel anticorps a 
un site de liaison antigenique specifique du recepteur Fc, et 

c) de preparation d'un anticorps bifonctionnel ou d'un heteroanticorps comprenant le site de liaison 
a un antigene de retape b) et une region de liaison a un antigene specifique d'un epitope cible, 
lequel anticorps bifonctionnel ou heteroanticorps comprend : 

a. un anticorps ou fragment de liaison d'un anticorps specifique du recepteur Fc pour les IgG sur 
des monocytes humains, dont la liaison au recepteur Fc humain n'est pas empechee par 
I'immunoglobuline G humaine; 

b. un anticorps ou fragment de liaison d'un anticorps specifique d'une cellule cible. 

20. Procede selon la revendication 19, dans lequel I'anticorps ou le fragment de liaison d'un anticorps pour 
le recepteur Fc est specifique du recepteur Fc de haute affinite. 

21. Procede selon la revendication 19 ou la revendication 20, dans lequel la cellule cible est choisie parmi 
le groupe consistant en cellules cancereuses, agents infectieux, cellules productrices d'lgE et cellules 
auto-immunes. 

22. Procede selon la revendication 17 ou la revendication 20, dans lequel I'anticorps anti-recepteur Fc est 
I'anticorps monoclonal produit par la lignee de cellules d'hybridome designe par HB9469 ou un 
anticorps monoclonal produit a I'aide de cellules U937 activees par I'lFN-gamma et la dexamethasone. 

23. Procede de preparation d'un anticorps bifonctionnel ou heteroanticorps comprenant les etapes : 
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a) ^immunisation d'un animal avec un immunogene comprenant le recepteur Fc (par exemple des 
lysats de cellules qui expriment le recepteur Fc, des preparations de recepteur Fc partiellement 
purifies ou des cellules entieres portant un recepteur Fc), 

b) de preparation d'un hybridome qui produit un anticorps contre le recepteur Fc, lequel anticorps a 
5 un site de liaison antigenique specifique du recepteur Fc, et 

c) de preparation d'un anticorps bifoncttonnel ou d'un heteroanticorps comprenant le site de liaison 
a un antigene de r<§tape b) et une region de liaison a un antigene specifique d'un epitope cible. 
lequel anticorps bifonctionnel ou heteroanticorps comprend : 

a. au moins une region de liaison a un antigene derivee de I'anticorps monoclonal produit par la 
70 lignee de cellules d'hybridome designe par HB9469, et 

b. au moins une region de liaison a un antigene specifique d'un epitope cible. 

24. Procede selon I'une des revendications 13 a 23. pour la preparation d'un anticorps ou heteroanticorps 
pour utilisation en tant qu'agent de diagnostic ou agent theVapeutique. 
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FIGURE 2 
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FIGURE 4 


Fig. 4. Binding of MAb 32 to U937 
Effect of Human IgG 


Cells 


100 1 


u 


■Com 

80- 

© 


C 

60- 

Bindi 

40" 

MAb 

20" 



! 

/ 

J 


xs A 


UPC- 10 
MAb 32 


0 


0 .05 .1 .5 1 5 10 
Human IgG Concentration (mg/ml) 


35 


EP 0 255 249 B1 


FIGURE 4B 


DIRECT BINDING OF FITC MAb TO U-937 CELLS 
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FIGURE 5 




Fluorescence Intensity Units (Logarithmic Scale) 
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FIGURE 6 


PERCENT 
CYTOTOXICITY 


CO 

o 

I 


o 

_1_ 


o 
o 
o 


o 

o 
o 

O 05 

b 


o 
o 

ro 



o 

CO 


o 

o 
ro 


o •>► 

►rj CO CO CO 

p ro ro ro 
cr" 


P 


o 

td 
o 


+ X 

P P 

cr 
p p 

I I 

o o 

tuttf 
o o 


o 


3 


o 


CD 
O 


w 

O 
>— ( 

cd 
o 
t> 

CO 

ro 
X 

& 


o 

td 
o 


o 

O 

H 

O 

X 
i — i 

o 

H 

w 

w 
cd 


O 

O 
O 

o 

o 

o 
td 


I 

H 
» 

c 

CO 
CO 

o 
w 
t-< 

GQ 


38 


EP 0 255 249 B1 


FIGURE 7 
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FIGURE 8 
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FIGURE 9 
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FIGURE 10 
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